DRUGS AND THE PHARMACEUTICAL SCIENCES

SECOND EDITION

Polymorphism in
Pharmaceutical Solids

.\’a--_'.

[ TQLILTO

.y
&I

w a9,
-lr‘"'&-.'i

edited by
Harry G. Brittain

informa
healthcare




n Theory and Principles of
Polymorphic Systems

Harry G. Brittain
Center for Pharmaceutical Physics, Milford, New Jersey, LL5.A.

INTRODUCTION

With the discovery by Bragg that one could use the angular dependence of scattering
of X rays from a crystalline solid to determine the structure of that solid (1), structural
science has played a large role in the fields of chemistry and physics. Very early in the
19th century, it had become known that many compounds were capable of exhibiting
the phenomenon of dimorphism, and could be crystallized into solids having different
melting points and crystal habits. For example, the o- and B-forms of potassium ethyl
sulfate were found to exhibit different solubilities and eutectic temperatures in their
phase diagram (2). The existence of a thermally induced phase transition between
the anhydrous and monohydrate forms of 5-nitrosalicylic acid was deduced from
the temperature dependence of its solubility (3).

As the techniques of structure elucidation grew in their sophistication, the
crystallographic basis of dimorphism became firmly established. The X-ray crystal-
lographic technique enabled workers to determine the dimensions and angles asso-
ciated with the fundamental building blocks of crystals, namely, the unit cell. At the
same time it also became recognized that crystalline solids were not limited to one or
two crystal forms, and that many solids were capable of being isolated in multitudes
of crystalline forms.

During the very first series of studies using single-crystal X-ray crystallogra-
phy to determine the structures of organic molecules, Robertson reported the struc-
ture of resorcinol (1,3-dihydroxybenzene) (4). This crystalline material corresponded
to that ordinarily obtained at room temperature, and was later termed the o-form.
Shortly thereafter, it was found that the o-form underwent a transformation into a
denser crystalline modification (denoted as the p-form) when heated to about 74°C,
and that the structure of this newer form was completely different (5). A summary
of the unit cell parameters reported for both forms is provided in Table 1. The o-form
features a relative open architecture that is maintained by a spiraling array of hydro-
gen bonding that ascends through the various planes of the crystal. The effect of the
thermally induced phase transformation is to collapse the open arrangement of the
o-form by a more compact and parallel arrangement of the molecules in the B-form.
This structural change causes an increase in crystal density on passing from the
-form (1.278 g /cm?) to the B-form (1.327 g/cm?).

The term polymorphism has come to denote those crystal systems for which a
substance can exist in structures characterized by different unit cells, but where
each of the forms consists of exactly the same elemental composition. For a long
time, the term pseudopolymorphism was used to denote other crystal variations where
the crystal structure of the substance is defined by still other unit cells where these
unit cells differ in their elemental composition through the inclusion of one or more
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