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Representations of elements in giant structures in chemical equations

The representation of elements and the formulae of some compounds can cause concern initially (and complications later). For example, the reactive gaseous/volatile* elements are stable in the form of molecules that consist of pairs of atoms. It is these molecules that take part in chemical reactions and that we represent in chemical equations. These include Hydrogen (H2); Oxygen (O2); Nitrogen (N2); Fluorine (F2); Chlorine (Cl2); Bromine (Br2) and Iodine (I2). 

When the structure in elements becomes more complicated than this we usually ignore the bonding in the element and just use the symbol as its formula. (Thus, implying to our students that the atoms are NOT bonded together. There are, of course strong bonds between the atoms in all the cases given below although it is often impossible to say how big the particles (molecules) really are. 

1. All metals e.g. Na; Ca; Fe; Cu; Ag; and Au. The giant metallic lattices of these metals are glued together by electron pair bond that never fill the outer shells of the atoms, so atoms can pack tightly, yet can flow, with the electrons also ‘free’ to roam – properties that we call ‘metallic’

2. Solid non metals eg Sulphur (S8); Phosphorus (white) (P4)  are really similar to diatomic molecules above – with only a few spaces in their outer shell these non-metallic elements tend to form small self-contained molecules, making the elements volatile. Thus, at room temperature, iodine (I2) is solid, Bromine (Br2) is liquid, but chlorine (Cl2) is a gas.

3. All ionic solids consist of giant lattices in which ions are arranged in a stable lattice in which each ion is surrounded be ions of the opposite charge. We use the simplest formula to represent these e.g. NaCl; CaCl2; (NH4)2SO4. (Even when the ions are separated in solution these formulae are often used – indeed ionic representations cannot be used until pupils have begun to explore the electrostatic nature of chemical bonding and of reactions in solution.)

4. Some molecules of covalent substances are very large - SiO2 (sand) is a giant molecular crystal in this case each Si atom is joined to four O atoms and each O atom to two Si.) Most polymers are large networks or long chain molecules and sometimes can be represented by a single repeating unit or a simple formula (e.g. starch is poly-glucose but can fairly accurately be represented as -CH2O- if we wish to write an equation for reacting it with oxygen.) Red phosphorus, carbon and silicon exist as giant molecular structures. A single crystal of diamond and crystals of silicon – from which microelectronic ‘chips’ are manufactured are really single molecules of atoms of the elements that extend in all three dimensions. Who said that all molecules are small!?

5. We see here the appearance of the ‘structure triangle’ (**) approach to understanding the variety of materials in our environment  

a. Metals atoms form METALLIC lattices

b. Reactive non-metals (elements or compounds formed between them) from small self-contained, molecules of VOLATILE* substances

c. Carbon, with its ability to form 4 covalent bonds tends to form flexible linear polymers POLYMERS including those built up by living organisms such as cellulose and protein.

d. Silicon (and Germanium) with its ability to form 4 covalent bonds tends to form 3-D giant structures ROCKS (also formed by elements each side of silicon in the periodic table – eg the semi-conducting gallium arsenide: GaAs

e. Finally if a metal reacts with a non-metal we get IONIC lattices

* Volatile = evaporates easily, from the Latin volare – to fly, and in ‘volley’ in tennis, and ‘voler’ to fly in French. It does not mean ‘reactive’ or ‘inflammable’ as so many people think.

**The structure triangle concept is explored in some detail in “Materials 1 Classification unit”  Download 2.1.2 Classification of Materials (see also the references)
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