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[bookmark: _Toc166738894]1 Introduction
1.1 The reaction rate of a chemical reaction is the measure of change in concentration of the reactants or the change in concentration of products per unit time [1]. Reaction rates can be influenced by many factors so it is important to be able to understand these to be able to conduct controlled chemical reactions. In this experiment, hydrochloric acid (HLC) and magnesium (Mg) will be investigated to see what volumes of hydrogen gas will be created when mixed. The three main variables will be the HCL concentration, Temperate and Surface area of Mg. 

1.2 To investigate each variable thoroughly, the experiment will be split into three parts. Part one consists of investigating the effect of HCL concentration on the speed of hydrogen gas (H₂) produced. This will be done by changing the concentration of HCL used while keeping all of the other factors the same.
1.2.1 Hypothesis – The higher the concentration of HCL, the faster the rate of reaction, because there are more reactants. Dependent variable – Concentration of HCL, Independent variable – Volume of H₂ produced. Control – Mass of Mg used.

1.3 In the second part, temperature will be investigated to see how much it effects the rate of reaction. Temperature affects the kinetic energy in the system, with more / less energy the frequency of collisions between particles will be increased / decreased along with the energy of the particles. 
1.3.1 Hypothesis – The higher the temperature, the higher the rate of reaction, hydrogen will be made more quickly as there will be more kinetic energy between particles. Dependant variable – Temperature of HCL, Independent variable – Volume of H₂ produced, Control variable – Mass of Mg used.

1.4 Lastly, in the third part, the surface area of the magnesium will be changed. The surface area of the reactant impacts the rate of reaction, if a material has more surface area there is more space for reaction to happen and thus speed up the rate of reaction.
1.4.1 Hypothesis – The more surface area, the higher the rate of reaction, as there will be more space for reactants to contact and release H₂. Dependent variable – Surface area of Mg, Independent Variable – Volume of H₂ produced, Control variable – Mass of Mg used.

1.5 After the results have been taken down, the rate of reaction can be determined from the graph plotting Volume, V (H₂) against Time, T. Finding the gradient will give you the rate of reaction at any point on the graph, to find an average just use the gradient between two points on the line.



[bookmark: _Toc166738895]2 Method	

2.1 Effect of HCL concentration on the speed of H₂ production.
· Prepare four 20.0mL solutions of HCL: 2.0M, 1.5M, 1.0M and 0.5M.
· Starting with the lowest concentration, put the HCL solution in the test tube with the arm.
· Add 4cm strip of Mg to the test tube, quickly put the bung back and start the stop watch.
· Record the hydrogen produced every 10 seconds, continue until no more has is released.
· Discard the mixture into a waste beaker.
· Measure the temperature of the HCL.
· Repeat with the three other solutions.

2.2 Effect of temperature on the speed of H₂ production.
· Set up a water bath using a beaker over a Bunsen burner.
· Heat the water until its 10 degrees above what the previous HCL solutions temperature read.
· Pipette 20mL of the 1.0M solution into three test tubes.
· Place the first test tube of the water in the water bath, wait until it reaches the temperature of the bath.
· Quickly transfer the warm HCL to the tube with the arm, add the 4cm Mg and place the bung on top as quickly as safely possible. Start the stop watch.
· Record the gas produced every 10 seconds in a table, continue timing until no more gas is produced.
· Discard the solution in a waste beaker.
· Repeat with the other solutions at different temperatures, ideally 10 degrees up each time.

2.3 Effect of the surface area of Mg on speed of H₂ evolution.
· Use the pipette to transfer the 20mL of 1.0 M HCL at room temperature into the test tube with an arm.
· Quickly add the Mg turnings to the test tube, put the bung on top and start the stop watch.
· Continue timing until no more gas is produced.
· Discard the mixture into a waste beaker.

2.4 For each part, plot the graph V(H₂) against t. This will show the change of change in volume of H₂ over time. Work out the average rate of reaction between t=0 and t=t1, also work out instantaneous rate of reaction at t=0. All Volumes recorded are in cm^3 and time measured in seconds. Rate of change is measured in cm^3/s.
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[bookmark: _Toc166738897]3.1 Part 1 – Testing the effects of concentration of HCl

[image: ][image: ]2HCl + Mg -> H₂ + MgCl₂Time measured in seconds, Rate measured in cm³/s, volume measured in cm³
Figure 1, Tables of Results for Part 1

Figure 2, Line graphs of Part 1 Results







3.1.1 1.5M concentration clearly has the quickest rate of reaction throughout. 1.0M and 2.0M both have similar initial rates of reaction but 2.0M is consistently higher after 25 seconds.
3.1.2 Another area of unexpectedness was the 2.0M HCl having a slower rate of reaction when compared to the 1.5M HCl. Before using the strip it was visibly more oxidised than the others so this is believed to be the cause of the slower reaction. 

[bookmark: _Toc166738898]3.2 Part – 2 Testing the effects of temperature of HCl
[image: ]Time measured in seconds, Rate measured in cm³/s, volume measured in cm³
Figure 3, Tables of results for Part 2

[bookmark: _Toc166738899]Figure 4, Line graphs of Part 2 results




















3.2.1 T35 and T60 had similar initial rates of reaction until around 35 seconds, T35 was more consistent and stayed the quickest after then, and T48 was by far the slowest throughout.Figure 4, Line graphs of Part 2 Results

[image: ][image: ]Figure 5, Continued results tables of Part 2


3.2.2 The results from part 2 are similar to the relationship results from part 1. The rate of change increases in the mid-range before dropping back off after excessive raising of temperature. It appears that the optimum temperature for high rate of reaction is around 35 degrees. 

[bookmark: _Toc166738900]3.3 Part 3 – Testing the effects of Surface Area of Mg
Figure 7, Results table for Part 3

[image: ]3.3.1 When placing the Mg turnings in the test tube, because of the increased surface area, it got stuck at the top of the tube and didn’t work as well as expected. This combined with the oxidisation of the metal being much quicker while it was out of the container meant it gave a very inaccurate result. It is expected that it should have produced the same H₂ volume much quicker than all the previous lumps of Mg.


[image: ]Figure 6, Line graph of Part 3 results


Time measured in seconds, Rate measured in cm³/s, volume measured in cm³
Figure 6, Line graph of Results from Part 3

[bookmark: _Toc166738901]4 Discussion

4.1 When working with explosives it’s important to understand the rates of reaction of different materials and how substances will react in certain scenarios. When a high explosive is detonated there is an instant and rapid combustion that breaks the bonds between particles quicker than the speed of sound. This rate of reaction is massively larger than the rate of hydrogen produced previously. Alternatively to detonation, low explosives can deflagrate, which can be a slower rate of reaction as the substance is burnt away instead of instantly exploding. Knowing what materials will detonate or deflagrate is extremely important when working with explosives so that the final products has the correct properties wanted. Materials can be tested for purity as simply conducting the experiment like before will allow for the amount of gasses let off by a set mass of the material, if the volume of gas isn’t consistent it will show the mixture isn’t pure or mixed well enough.

4.1 It was hard to get the bung onto the test tube quick enough after dropping the Mg in, especially considering how the first moments are when the most H₂ was produced. As the bung has to be put on by hand every time, the speed of putting it on wasn’t consistent and would make the results vary. Each of the magnesium strips were carefully weighed to be consistent, however some strips were much more oxidised than others as some were visibly darker, in future the strips should be cut just before being put into the test tube to minimise oxidation. Especially when testing the surface area, the Mg scrapings suffered the most from oxidisation as they had much more surface area in contact with the open air.

[bookmark: _Toc166738902]5 Conclusion

5.1 The experiment gave mixed results, to be certain on what factors effected H₂ production, it would be best to repeat the whole process multiple times to see if these results were anomalous. If it were to be repeated, more frequent temperatures should be used to investigate if the HCl has an optimum temperature for reactants. Every hypothesis was proven wrong, however, this may have been because as the concentration got higher, the amount of human error effected the results enough to give incorrect readings. 
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[bookmark: _Toc166738904]6.1 Equipment
· Long test tube with arm
· Gas Syringe
· Rubber bung with delivery tube to fit the test tube
· Two large beakers
· Pipette and pipette filler
· Two clamp stands
· Test tube holder
· Thermometer
· Ring stand
· Bunsen burner
· Clay triangle
· Stopwatch
· Graph paper
[bookmark: _Toc166738905]6.2 Chemicals
· Magnesium ribbon cut into 4cm lengths, and weighed
· Magnesium turnings (same masses as ribbon)
· Hydrochloric acid (2.0M and 1.0M)
· DI Water

[bookmark: _Toc166738906]6.3 PPE
· Goggles
· Lab Coat
· Gloves
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