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The reactions of metals with acids
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	The topic of chemical kinetics is a rich source of projects which can be investigated at different levels of sophistication. While there are many quite complex systems that can be looked at, it is equally possible to study the effects of particle size, concentration, temperature and catalysis using very familiar reactions. It is well worth bearing in mind when you are devising your investigation that its overall quality depends much more on the thought that goes into the planning of the experiments and into the interpretation of the results than it does on the complexity of reaction. Indeed, the more straightforward the reaction and the practical technique you use the better able you will be to focus on the essential chemistry involved. 


A study of the rates of reaction of metals with acids provides great scope for detailed investigation.
Devising a standard set of conditions

You might like to begin with the reaction between magnesium ribbon and hydrochloric acid. The relative rate of this reaction can be measured in terms of the time taken for a piece of ribbon to react completely. You will have to find out how reliable this method is. Is the length of ribbon critical for accurate measurements? Do you have to clean it first? If the acid is in a conical flask will you stir it/ shake it, gently /vigorously, intermittently or just leave it alone? Does the volume of acid affect your results? What happens to the temperature of the acid during the reaction? How reproducible are your results using the same conditions? Are you able to devise a set of conditions that will allow you to make meaningful comparisons when you change other variables?

Changing some variables

Having established a standard set of conditions you can begin to change some variables in the reaction between magnesium ribbon and hydrochloric acid. You might change the concentration of the acid. If you have sufficient results you should be able to plot them on an appropriate graph and so find the order of reaction with respect to the acid.

To find out about the effect of temperature on the reaction rate you will need to think how to modify your basic practical method. The reproducibility of your results is again an important consideration. Is the heat given out during the exothermic reaction a significant factor? You can use your results this time to find the activation energy of the reaction.

An interesting adaptation of the original method is to look at the effect of added ions on the rate of reaction. If cations affect the system does it matter whether they are derived from transition or non-transition metals? Do anions have any effect? Have you tried oxyanions like nitrate as well as simple anions like chloride? Is the concentration of the ions important? How can you be sure which ion is having an effect?

You can extend the same basic experimental technique to look at the reaction of magnesium ribbon with other acids. If you use other strong acids such as sulphuric and nitric as well as weak acids such as ethanoic you should be able to draw some interesting comparisons. You may well be able to think of other acids that you could investigate.

Other metals and other methods

Zinc reacts more slowly with acids than does magnesium and you may therefore find it necessary to change your experimental technique to measure the rate of reaction between this metal and acids. You could try using measured squares of foil, bent a little so that they do not lie flat on the bottom of the flask. If the complete reaction of zinc foil takes too long you might choose to measure the rate of reaction in terms of the time to generate a fixed volume of hydrogen. You could even try to monitor the increasing volume of gas at different time intervals. A readily available source of zinc is to be found on the surface of galvanised nails bought from your local DIY store. It could be interesting to compare the rate of reaction of these nails with laboratory zinc foil. It is difficult to study the effect of particle size on the rate of reaction using magnesium because magnesium powder reacts so quickly. You should, however, be able to make comparison between foil and powder using zinc. You can achieve surprisingly accurate results with the powder by adding a fixed amount of it to acid in a conical flask under which you have placed a piece of white paper with a black cross on it. The time taken for the mixture to clear sufficiently for you to see the cross is a measure of the rate of reaction.

Iron is even less reactive with acids than zinc. It will prove an interesting test of your practical skills to design experiments that will give reliable results under a range of different conditions using an iron nail, iron powder and iron wool!

Interpreting your results

The reaction between metal and acid probably involves a number of steps, each of which could control the overall rate of reaction. First, the oxonium ion, H3O+, migrates to the metal. Factors that affect this include the concentration of the acid, the film of discharged hydrogen atoms and/or molecules on the metal surface, the physical presence of gaseous hydrogen and the ease with which the metal ions can migrate away.

The second step involves the transfer of proton from oxonium ion to the metal surface, its reduction to a hydrogen atom and the formation of molecular hydrogen. There are two mechanisms by which this step could happen but the slow steps in both cases involve particles derived from two oxonium ions. Finally, the hydrogen gas is desorbed from the metal and comes away as bubbles.

If the rate is dominated by the first step it is said to be diffusion-controlled. If the second step is more important the rate is said to be activation-controlled. The two effects can, of course, overlap.

You are now in a position to evaluate and interpret your results. Does the reac- tion between metal and acid appear to be diffusion- or activation-controlled? Is this the case for all of the metals? Is it the same at all acid concentrations and at all temperatures? Are any of your results unusual?

What started out as a simple, familiar reaction may well be turning out to be much more interesting than you first thought.

Further reading

If you are interested in doing a project along these lines you may find it helpful to read Hacker, R.G. and Williams, I.W. (1970) 'Design for an experiment: an introduction to kinetics', Education in Chemistry, Vol. 7, No.1, pp. 20-24.
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