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Having drawn my conclusions, I am now going to explain about the quality of my overall investigation. The subheadings below separate this section into segments which help cover the points I need to mention.

How accurate are my results?

The graphs in the results section shows how my final clearly that increasing the concentration of acid increases the reaction rate and decreases the time the reaction takes to go to completion. The graphs sometimes seem to follow  an exponential curve, and sometimes seem to be linear so it is difficult to determine a specific relationship. However, I encountered many anomalies, which mostly reflect upon the apparatus used for the experiments.

For example, if I repeated this investigation from scratch, I still believe that I will end up with the same conclusion, however my results will differ due to:-

· Poor accuracy of measuring cylinders (to the nearest ½ of a cm only),

· The fact that the marble chips were slightly different in surface area each time

· The fact that the weighing scales were to 1 decimal place only – mass differed each time

· Timing was not perfectly accurate – it took time to put the bung on after the reaction had already started

· Wearing stained safety goggles sometimes made it hard to make out readings. This mattered much more towards the end of each experiment when the reaction was almost complete.

Ways of improving the accuracy of my results include:-

· Having more accurate measuring cylinders, which would be much thinner in diameter so that readings are more accurate, or using pipettes.

· Using powder instead of chips would make sure that the surface area is the same each time – less would be needed, and so would be much more resourceful also

· Having more accurate weighing scales in order to get weight of chips closer together

· By using a thistle funnel to stop the gas from escaping when inserting the marble chips.

· Making sure that the safety goggles are comfortable and clean before wearing them, or if not, wash them before use.

· By doing all the experiments at the same time, so that results are not interrupted.

· Taking more time readings, especially when the concentration of acid is high and the reaction is happening quickly. The graph for 100% concentration has only three points and this is obviously not satisfactory.

It seems intuive that the rate of reaction should depend on how far the reaction has gone, for example that a constant proportion of the reactants should reaction in each fixed time period. To find the rate of reaction, I divided each 30 second reading by the previous one and took an average over all the readings for each experiment. However this was not fully supported by the results. Often a linear relationship seemed more appropriate, implying a constant rate of reaction.

Finally, my conclusions were solely based on a total of five experiments. I could have reapeated the experiments for concentrations of 5%, 15%, 25% concentration of acid.

Are my results good enough to draw a firm conclusion?

My results definitely show a strong positive correlation between the reaction rate and the concentration of the hydrochloric acid, which is enough to prove that they are closely linked. However, although the concentration of this type of acid is directly proportional to the reaction rate (as it involves collisions between two particles), it does not work that way for all concentration and reaction rate types.

This is because the relationship between the reactants may be much more complicated than what I investigated; after all, it would be wrong for me to say that the ‘concentration is directly proportional to reaction rate’, because it is not always the case. What are the exceptions?

Reactions produce heat, and this by itself tends to speed up the rate of reaction. Heat is produced most rapidly with the highest concentration of acid, so these reactions will be the most affected. It does seem that these graphs depart most from a straight line.

Also, if a catalyst is introduced into the experiment in a small amount, and is working to its maximum ability, it will be fully surrounded by the reactants; it will be cluttered with all the reacting particles. In effect, if the concentration was increased, nothing would happen, as the catalyst is already working at its maximum capacity. The surface of the glass beaker may be acting as a catalyst.

Thirdly, this can also be the case in reactions which involve more than one step (multi-step reactions). If the reactant in the first reaction were to be increased in terms of concentration, then the first step would increase in its rate of reaction. However, increasing the concentration of a reactant in the second reaction would not affect the rate of reaction (in some cases), as it is already waiting for the first reaction to give off its products before it can begin to react.

Investigating this topic further…

I believe that this topic can be further investigated by looking at whether other reactants also follow this pattern, and why. I could also investigate the ‘two exceptions’ mentioned in the previous section in more detail, and try to find out if there are any other exceptions. 

Since my graph and analysis section was based solely on the rate of reaction against the concentration of the hydrochloric acid, I believe that showing the time it took to gather a certain amount of gas per concentration would also prove my conclusions more effectively – they would have been based on two methods which prove the same point.

The investigation I carried out was based on collisions between two species; what if I were to investigate reactions involving only one particle; does the reaction rate increase due to the fact that orientation of collision does not matter?
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