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Materials 1- classification

Problems with representations of the states of matter using particles
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These figures are intended to represent the arrangement of particles in a solid (A) a liquid (B) and gas (D). Figure C cannot be a liquid, since the particles are not in contact, and it can only be a gas if the pressure is incredibly high. (Remember also that we are showing only two of the three dimensions)

If they all represent the same chemical (eg. water) then the temperature of A < B < D. Thus the average kinetic energy of the particles will be highest for D and least for A. (It is not possible to show the movement energy of the particles on these diagrams, but the CDrom “Science Issues” contains a series of questions and animations in the Matter section that challenge pupils’ understanding of this particulate view of matter. Some of the problems pupils face are discussed below:

Can ‘C’ be a liquid?

Many pupils (and some older text books) will say that diagram ‘C’ is the best representation of the particles in a liquid. However if this were so, it suggests that when a solid (A) melts to form a liquid, there would be a 100% increase in volume (in fact there is little change, and in some cases, eg water, the liquid actually occupies less volume than the solid). It also suggests that the liquid can be compressed. You can pump more air into a cycle tyre, but no-one bothers to push their coffee down into their cup to make room for more – we know liquids are virtually incompressible – their particles must be ‘in contact’

Some may also use this as a representation of a gas, but, assuming that the particles are drawn to the same scale in the four diagrams, the particles here are much too close together for the gas at ordinary pressures. In fact even in diagram D (the gas) they should be further apart, since gases are roughly 1000 time less dense than the condensed phases of matter (solids and liquids) where the particles are ‘in contact’.

Equal kinetic energy at the same temperature.

Most text books will represent particles in the solid, liquid and gas of a single substance, so that the temperature of B is higher than A and D higher than B. If you ask pupils to say how much energy the particles have in a solid, a liquid and a gas, all at room temperature, they will automatically assume that the particles in the gas are moving with more energy. However, if they are at the same temperature, no energy is being transferred between the three substances (the solid, the liquid and the gas) so the average kinetic energy of their particles must be equal* – double the absolute temperature and you double the KE of the particles.

* This is, of course, the basis of the definition of temperature – it is proportional to the average kinetic energy (KE) of the particles. If two substances are in contact the one with the higher temperature will transfer heat to the other till the temperatures are the same. In molecular terms the particle with the higher KE will tend to share their extra energy with the slower moving particles from the cooler substance till their average KEs are the same. At this point no further heat flow takes place and we say they are the same temperature.

Evaporation causes cooling

In A, the solid, virtually all the movement energy is confined to vibration within the crystal lattice. In B the particles are able to slide past one another – and they only take up a little more space than in the solid. (If water is the example then this representation is wrong since ice contracts when it melts, as the hydrogen bonds in the ice lattice are partially broken, allowing the molecules to fit more snugly together in the liquid phase.)

When a liquid or solid loses particles from the surface by evaporation it is only particles that are moving in the right direction and have much higher energy than average that can escape the attractive forces of the other molecules. As these particles leave they take this excess energy with them, most of which is needed to overcome the forces attracting them back to the liquid surface, so the evaporated vapour returns to air temperature, but the average kinetic energy of the remaining particles must decrease and the temperature of the liquid falls. This explains why evaporation causes the liquid to cool. It also explains why energy is needed to turn a liquid to a gas (‘latent’ heat of evaporation).

Size of particles

It is almost impossible to grasp a real sense of how small atoms and molecules really are. In 18g of water for example there are approximately 602204500000000000000000 H20 molecules. (This number is called the Avogadro Number = 6.022045 x 1023 and is the number of ‘groups of atoms’ represented by the formula mass of any substance called grams.) You will find many ways of trying to visualise this number and the corresponding tiny size of individual atoms in science text-books. Atoms are however, unimaginably small since the Avogadro number is so far beyond our counting sense and experience.

There are more water molecules in a glass of water then glasses of water in all the water on earth.
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