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Rationale
Many different types of co-solvents are already widely being used during freeze-drying Examples of
these solvents are acetone, isopropyl alcohol, ethanol, methanol, cyclohexane, and tertiary butyl
alcohol (1). The reason these co-solvents are used is that they could offer advantages such as an
increased sublimation rate and the improved wetting of lipophilic compounds. The increased
sublimation rate results in shorter drying times and therefore a cheaper process, while the improved
wetting gives the possibility to freeze-dry concentrated solutions of lipophilic compounds.
For most applications the co-solvent of choice should have specific physico-chemical
properties. In order to get an homogeneous solution, the co-solvent should be fully miscible with
water. Secondly the vapor pressure should be sufficiently high to facilitate rapid sublimation. Thirdly,
the freezing point should be high enough, to be able to freeze the solution at typical shelf
temperatures. Finally, the solvent should have a low toxicity. An example of such a solvent is tertiary
butyl alcohol (TBA). TBA is fully miscible with water; it has a relatively high vapor pressure of 5.49
kPa, a freezing point of 24 ºC, and a low toxicity.
Opportunities
The use of co-solvents during freeze-drying offers several advantages. The first advantage that will
be discussed here is the opportunity to optimize the length of the freeze-drying cycle. Freeze-drying
consists of a freezing step, a primary drying step, and a secondary drying step. One strategy to
decrease the process length is to decrease the total drying time. This can be achieved by increasing
the sublimation rate of the used solvents. The sublimation rate is dependent on the vapor pressure of
the used solvent and the product resistance. This means that if a co-solvent with a higher vapor
pressure is used, sublimation will be faster resulting in a higher drying rate. Furthermore, the use of a
co-solvent can result in differently shaped ice crystals, resulting in a lower product resistance and
consequently higher sublimation rate (2).
The second advantage that the use of co-solvents offers is the opportunity to freeze-dry
lipophilic compounds. Due to the hydrophobic nature of the compound, large volumes of solvent are
necessary when these products are freeze-dried from water. However, when organic solvents are
added as co-solvent, the solubility of the lipophilic compound in the medium is increased and it can
therefore be dried from smaller volumes.

Applications
When lipophilic compounds are being freeze-dried from co-solvent systems, one might want either an
amorphous product or a crystalline product. For example, to increase the dissolution rate of a drug
with a high glass transition temperature (Tg) an amorphous drug product might be advantageous.
However, for a drug product with a low Tg, a nanocrystalline product might be better. Both types of
products can be obtained after freeze-drying. To obtain an amorphous drug product, freeze-drying
should be performed at a relatively low temperature [below the glass transition temperature of the
maximally freeze-concentrated fraction (Tg’)], while a crystalline drug product could be obtained by
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freeze-drying at a relatively high temperature (above the Tg’ but below the eutectic temperature) (3).
In this webinar, it will be explained how small changes in the process conditions will result in either an
amorphous or a crystalline product. This will be illustrated by examples of different drugs.
Conclusions
This webinar shows why co-solvents are used during freeze-drying, which advantages they offer, and
what the requirements are for a solvent to be used during freeze-drying. Based on a lot of examples,
opportunities offered by co-solvents and applications of co-solvents are being discussed. The webinar
will end by describing how the freeze-drying process can be adjusted in such a way that different
types of products can be obtained.
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