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The solid state variety of drug substances is a fact of nature which is additionally proofed by a small number of exemptions, especially for the segment of polymorphy. The discovery of solid state forms of a given organic molecule is always a procedure into a new territory. Two approaches are applied in their elucidation, the first a theoretical one is until now restricted to polymorphic forms  and the second is based on experimental procedures. The theoretical approach is widely used, however, to gain valuable results in future needs additional   research work. Computational crystallographer developped algorithms for lattice energy calculations with the attemt to predict  crystal structures of a excellent physical stability [1]. As one example, results of a broad investigation applying several computer programs based on different physical theories were reported at a workshop in 1999 at the Cambridge Crystallographic Data Centre [2]. The  difficulty is that these calculations are only performed under restricted conditions and lead normally to a phantastic great number of predicted polymorphic forms within a rather narrow energy window and therefore the limited set of existing forms can not be elucidated. At this time, the final conclusion is that a prediction of  polymorps is already difficult for organic molecules with extremely simple molecular structures. It  was stated as a conclusion of this workshop: no program gives consistently reliable results, however some of the calculated structures are close to the real ones. 

On the other hand, results are straightforward obtained if experimental data sets are integrated into these calculations. Such experimental findings are necessary, for example the X-ray powder diffraction lines of existing forms. Of course, the theoretical prediction with such a data set is reduced to a conformation of an already  existing form.

The best way for the elucidation of the variety of solid state forms are based on an experimental approach. The application of the high throughput polymorph screening may give preliminary results. Additional well selected experimental procedures are necessary to crystallize new chemical entities in amounts allowing a characterisation in respect to the conformation and purity as well as the physical and chemical stability [3-5]. There are organic molecules known for which 10 and even up to 100 different chemical entities exist. Such entities are co-crystals such as hydrates, solvates, salts, molecular compounds, complexes and polymorphic forms thereof. This additional variety, the so-called polymorphy of one single chemical entity, adds another number of species: from only one,  to a great many, namely in extreme cases to over 10 further crystalline forms as so-called polymorphs. 

The subject of the enormous variety of forms for organic substances,  especially in the context of the chemical industry, will be outlined. Examples are presented and the importance of the experimental approach for the research in the crystallisation and characterisation of solid-state forms will be stressed. Thermoanalytical investigations and  vapour-sorption measurements in applying the moisture sorption analyzer SPS11 are extremely valuable in the performance of such laboratory investigations [6].
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