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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 graph on the analysis section shows how my final averaged results were quite accurate. Rounded to 1 decimal place, they have perfectly shown and proved how the concentration is directly proportional to the reaction rate. Most of the points from the graph were taken from the beginning of the reaction, which also enhanced its accuracy. 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.
Two of my results in my draft version of the graph did not fit in with the pattern the rest of the points were showing. For one of them, it was just a matter of choosing a different time (which could be degrading the accuracy and reliability of my results as the reaction rates differed by the time) whereas the second one was still slightly off in my line of best fit. I know that this was due to either one or more of the points above.
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.

· 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.

The working shown in the table on the analysis section also explains an inaccuracy in my results. To find the rate of reaction, I divided the volume collected by the time. In all the instances, my reaction rate was taken from the volume collected by 90 seconds. While drawing my initial graph (not shown in this assignment), I noticed that it did not closely follow what I was trying to show – the reaction rate of the 3 mole acid was much too high. I kept on using different timings until it perfectly aligned with my line of best fit.

This shows an inaccuracy in my results as the reaction rate differed at different times. If all my reaction rates were taken by 90 seconds, and I got the same line of best fit that I have now, my point would be much more effectively proved – they would have all happened at the ‘same time’.
Finally, my conclusions were solely based on a total of six variables (including the control). I had done my experiments on 0, 1, 1.5, 2, 3 and 4 mole acids. I could have made the reliability of my graph and conclusions much more effective if I were to shorten the distance between each concentration, i.e. doing my experiments on 0.5, 2.5 and 3.5 mole acids also.
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?
Firstly, 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.

Secondly, 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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