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Preface

Drug products are, in an overwhelming number of cases, produced as solid materials — for example,
as tablets or granules in capsules. Even when formulated as liquids, the active pharmaceutical
ingredient (API) is still usually produced as a solid prior to the final dissolution. During the devel-
opment of a pharmaceutical formulation, knowledge of the physical properties of pharmaceutical
materials — the APIs, the raw materials and the process intermediates for the API production, as
well as the excipients and other chemicals for formulation — can help mitigate risks and offer
opportunities for improved delivery. Knowledge of material properties is essential in a large num-
ber of activities when substances are brought in and out of the solid state, either as singular
entities or as mixtures. Investigations into the effects of processes on materials present are termed
‘solid-state work’ and can have an effect during crystallization, dissolution, milling, drying, mix-
ing, granulation, tableting, and so forth. Materials used in and obtained from these processes need
to be characterized in a number of different ways, depending on what type of information is
desired and on the properties of the material. For a solid-state scientist it is quite important to
know which method of characterization to use for a particular material, how to design and run the
instruments and how to use and evaluate the data from each technique. Unfortunately there is, to
our knowledge, nowhere where a full academic education in pharmaceutical solid-state science is
given; hence there is a continuous need for literature in this field.

One solid-state activity of special importance is the selection of the most suitable solid form of
the API. This is a key solid-state process for successful scale-up and launch. Usually, a crystalline
solid is desired because it provides an ideal solid for development due to its reproducible properties,
such as solubility, and because it provides an excellent purification method during manufacture.

The form selection involves initial trials to crystallize the free form of the API, followed by
salt-, co-crystal- and polymorph screening. Finally, the different solid phases obtained must be put
on a thermodynamic stability scale so that the risks of future processing can be assessed without
undesired surprises. It is critical that the correct solid form is selected for development as changes
late in development and even in launch can affect the bioavailability of the API and hence its
performance on dosing.

Solid form selection requires input from a wide number of disciplines including crystallization,
stability assessment, biopharmaceutics, materials science and formulation, using a wide range
of techniques, including high-throughput screening and computer predictions, for a successful
nomination. Eventually, after the final selection has been made, patents covering some or perhaps
all of the solid forms obtained during the selection work must be written.

Due to the importance of the different types of ‘solid-state work’ noted above, specifically
the form selection, this book has been compiled to provide the reader with a single reference
point. It incorporates an introduction to the crystalline state, a wide range of techniques for the



xx  Preface

assessment of solid forms and chapters on their prediction, as well as the applicability of solid

forms for patenting.
We hope that this book will provide the reader with a full toolbox for solid-state characterization

and that the reader will have as much pleasure reading it as we have had producing it.

Richard A. Storey
Ingvar Ymén
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