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The periodic table and chemical reactivity

(N.B. Notes in this download are confined to some issues that seem often to be overlooked in discussions on this subject – especially in student’s (and my own) initial understandings of the topic. The topic is EXTENSIVELY covered in almost every chemistry text to A-level and in first-year undergraduate texts so no attempt is made here to produce a comprehensive treatment at any level. Reference is made to the text: Atkins P & Jones L (1999) since it contains better diagrams that can be drawn here. It is probably better for you to use a text-book with which you are already familiar – diagrams and discussions should be fairly easy to identify. Remember that the intention here is more to encourage debate than to provide facts for re-transmission. This is also the express purpose of the Atkins / Jones text.)

(Atkins has also written a paper-back for the non-specialist entitled ‘The Periodic Kingdom’. This is somewhat idiosyncratic but has some interesting diagrams of periodic properties.)

See also: http://www.meta-synthesis.com/webbook/35_pt/pt.html (accessed 23June 2006)
Periodic Properties

(See Especially A&J p35-45)

· Atomic radius (Often we use ‘atomic volume’ since this is easily computed by dividing the density of the solid element by the relative atomic mass of the element. Whatever units – and we must be consistent! – are used the result is directly proportional to the volume of the atom) The exceptionally large radii (volumes) of the alkali metals (group 1) followed by the group 2 metals are particularly clear and far exceed any other elements in each period. Generally – as expected – radii (volumes) increase as atomic numbers increase down a group. [see footnote at end of this download for a practical example of this]
· First ionisation energy: This is by far the highest for noble gases (Group 0 or 18) and lowest in each period for the alkali metals (group 1). Within groups it decreases as atomic number increases. 

· Ionic radius: where atoms form ions (metals tend to form (+)ions and non metals (-)ions) the following generalisations apply:

· Cations (+) are usually smaller than anions (-)

· Within the same group of the Periodic Table ions of the same charge get bigger as the atomic number increases.

· The higher the charge the smaller the cation.

· The higher the charge the larger the anion.

· Electron Affinity: Highest for fluorine group – decreases as halogen group in descended and as we move towards the left of the Table.

Chemical Trends:

The chemical properties of the elements are largely determined by the electronic arrangements in the ground state in the outer shell of the atom (in the highest energy levels).  It is, after all, the outside edges – the outer electrons – of the atoms that will come into contact when atoms approach one another.  

Since elements in the same group have the same electronic structure in the outer shells there is a tendency for them to have similar properties and to form a similar range of compounds with elements from elsewhere in the table.  However the sizes of the atoms vary as sometimes does the way in which they react together as the element. (For example in the ‘Oxygen group’ Oxygen itself forms a stable diatomic molecule (O2) and is a gas at room temperature; sulphur forms (S8) molecules and is a solid and selenium is ‘almost’ a metal.

A very important clue to the importance of electronic structures came from the fact that all the elements in the Helium group (Group0 or 18) exist as single atoms (monatomic) and are termed ‘Noble’ gases. Until the 1960s they were usually termed the ‘Inert’ gases – until that time chemists believed so strongly that they were inert that little effort was made to study their chemistry.) The heavier members of the group have now been found to have quite an extensive chemistry.)

Although trends are clear it must be remembered that:

1. It is the move towards lower (free) energy that drives chemical reactions to occur. (Often both we and our students stress the electron patterns – like the ‘octet rule’. These rules can indeed be useful but they tend to point towards low energy arrangements of electrons – not necessarily the only low energy arrangement or even the lowest one under the circumstances. Atoms do not ‘see’ or ‘count’ electrons!)

2. When electronic rearrangements occur – the resulting metals, molecules or ions also arrange themselves into other structures. (Molecules, ionic crystals etc.) The energy changes in the electrons arrangements are accompanied by other energy changes too. (E.g. When sodium and chlorine react together it requires considerable energy to form separate atoms of sodium and chlorine from the solid Na and the gaseous Cl2, more energy still is required to transfer electrons from Na and Cl to form the ions. It is the large amount of energy released when the ions form the crystal lattice of solid NaCl that makes the overall process exothermic.)

3. A chemical reaction depends on the reactants, the products and the conditions. (E.g. Aluminium powder will react exothermically with solid sodium oxide to form sodium metal and solid aluminium oxide. This is not expected from the ‘normal’ reactivities of the two metals – however, aluminium oxide is exceptionally stable and it is the energy given out when this is formed that makes the overall process exothermic.)

4. Just because a reaction is ‘energetically favoured’ it will only occur if there is an accessible pathway by which the reaction can occur. (E.g. Aluminium metal would be expected to react very rapidly with oxygen and yet we are able to use aluminium as a structural metal exposed to the air. It does react with oxygen but, under normal conditions, a coherent layer of the oxide a few nanometres thick is quickly formed and this prevents further reaction taking place.)

5. On Earth we have an atmosphere in which the very ‘reactive’ substances oxygen and water are found almost everywhere. If either of these can take part in reactions they usually will unless the chemist takes very careful precautions to exclude them. 

· The majority of elements in the table are metals (blue) – these occupy the centre and left-hand parts of the Table. Typical metals, from a chemist’s perspective, occur towards the LHS and the bottom since low energy electronic structures require the loss of outer electrons and electrons are more easily lost from the outside of large atoms.
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· For parallel reasons typical non-metals (red) are found towards the right hand side of the table and towards the top.

· Between the metals and non-metals there is a ‘diagonal strip’ of elements that are often called ‘metalloids’ since they are not good metals or non-metals. These include B, Si, Ge, As, Sb, Te. Many of these metalloids are important in making semiconductors. (black)

· All transition elements, or d-block elements, are metals with properties between those of s-block and p-block metals. One characteristic of these is that many of them readily form cations with more than one oxidation state – and many of the cations in solution or in hydrated crystals show characteristic colours.

Footnote relating to measuring Atomic radius:

Collecting hydrogen liberated by equal volumes of alkali metals

[Safety: this experiment needs to be risk assessed carefully]

Cut a cube of lithium, sodium and potassium of equal size, of side between 3 and 4mm. 

Fill a boiling tube with water and invert over a pneumatic trough of water into which a few drops of phenolphthalein have been added. Ensure no air bubbles are in the tube* and hold it firmly against the side of the trough** with its opening just below the surface of the water. 

Hold the cube of metal in tweezers and quickly immerse in the water*** so the metal can be released inside the boiling tube. It will rise to the top and the hydrogen will collect in the tube. The water will turn purple from the indicator allowing you to see the level clearly.

Repeat with a fresh boiling tube for the other two metal cubes.

The amount of hydrogen collected will be proportional to the number of atoms in each cube. If the metal atoms were the same size, the same volume of hydrogen would be collected from each. However lithium atoms are smaller than sodium and potassium larger. It is like having boxes (cubes) full of Satsumas (Li) oranges (Na) and grapefruit (K). If the boxes (cubes) are the same size there will be far fewer grapefruit in them than Satsumas (Li).

You get almost a tube-full of hydrogen from the Li, half from the Na and about a quarter from the K.

*Safety: The heat from the reaction will ignite the released hydrogen in the presence of air. 

** Safety: If you are at all nervous this prevents the tube from making any movement as the metal is introduced into the tube. If the metal fails to enter the tube simply release the tube and stand well back.

***Safety: for the potassium it is sensible to re-immerse the potassium in oil before introducing it to the tube – this provides a protective cover to allow it to rise up the tube before reacting.

For more on the diagonal relationship and a way of classifying the structures of substances see Ross (1997) and the unit on ‘Matter’ in Ross et al (2005)
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This view of the periodic table shows the diagonal relationship showing extreme metallic behaviour (bottom left - blue) changing to extreme non-metallic behaviour (top right – red) from the unit on ‘Matter’ in Ross et al (2005), with the diagonal strip of metalloids (black) between them.
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