[image: image1.png]1.2 The Structural Theory of Matter

In the mid-nincteenth century three individuals, working independently, laid the conceprual
foundations for the structural theory of matter. August Kekulé, Archibald Scott Couper, and
Alexander M. Butlerov each suggested thar substances are defined by a specific arrangement of
atoms. As an example, consider the structures of ammonium cyanate and urea from Wishler's
experiment:
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These compounds have the same molecular formula (CH,N,0), yet they differ from cach
other in the way the atoms are connected—that is, they differ in their constitution. Asa result,
they are called constitutional isomers. Constirutional isomers have different physical proper-
ties and different names. Consider the following two compounds:
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Boiling point = ~23°C Boiling point = 78.4°C

These compounds have the same molecular formula (C;HgO) but different constitution, so
they are constitutional isomers. The first compound is a colorless gas used as an acrosol spray
propellant, while the sccond compound is a clear liquid, commonly referred to as “alcohol,”
found in alcoholic beverages.

According to the structural theory of mater, cach clement will generally form a predict-
able number of bonds. The term valence describes the number of bonds usually formed by
cach clement. For example, carbon generally forms four bonds and is thercfore said to be
tetravalent. Nitrogen generally forms three bonds and is therefore trivalent. Oxygen forms
two bonds and is divalent, while hydrogen and the halogens form one bond and are monova-
Lent (Figure 1.1).
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