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[bookmark: _Toc183528403]Section 1 – Introduction
The rate of reaction experiments consisted of 3 practical experiments that were taken place in the laboratory. Experiment 1 was the effect of HCL concentration on the speed of hydrogen gas evolution. Experiment 2 was the influence of temperature on the rate of reaction. Experiment 3 was the effect of magnesium’s surface area. The results for these experiments were noted down in the tables before making a graph where using the gradient of the line the rate could be calculated. Using these graphs and calculations comparisons were able to be done. The purpose of these experiments was to see the effect of concentration, temperature and surface area would affect the rate of reaction.
The hypothesis of this experiment is with an increase with concentration of the substance, temperature of the substance or surface area of magnesium the rate of reaction will increase.
There were variables that were considered for these experiments, the control variable, the independent variable and the dependent variable. The dependent variable is the rate of reaction, the independent is the surface area of the magnesium, concentration of HCL and temperature of HCL. The control variable is the size of the magnesium strips/powder and the volume of the solutions used.
To calculate the rate of reaction the equation used was:
Rate of reaction = ΔVH2 / Δt
[bookmark: _Toc183528404]Section 2 – Results 
The lab experiments were completed by Hayden Taylor and Dan Cowen and the results gathered, calculations and graphs are all the same. Below shows the graphs for every experiment that was completed with the calculations and workings out for the average rate of reaction and the instantaneous rate of reaction.
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[bookmark: _Toc183528411]Figure 1 - Graph to show change of surface area affects.
The surface area experiment the learner used a magnesium powder instead of strips as these have a bigger surface area, this allowed us to see the change in rate of reaction with an increase of surface area
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[bookmark: _Toc183528412]Figure 2 - Temperature 1 graph
The first temperature that was tested was 72 degrees Celsius and the amount of gas that was received was then recorded and formed into a graph allowing for calculations and comparisons to the other temperatures to be done.
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[bookmark: _Toc183528413]Figure 3 - temperature 2 graph
The second temperature that was used was 50.4 degrees Celsius and the same calculations were done. All comparisons of the results can be seen in the discussion section.
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[bookmark: _Toc183528414]Figure 4 - temperature 3 graph
The third temperature was 60 degrees Celsius. The 3 temperatures are different to see a bigger comparison if they are affected.
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[bookmark: _Toc183528415]Figure 5 - 2.0M HCl graph
The first concentration experiment completed was the 2.0M HCl. There was one human error that was made in this experiment that affected these results.
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[bookmark: _Toc183528416]Figure 6 - 1.5M HCl graph
The second concentration experiment completed was the 1.5M HCl solution. The results were noted until no more gas was produced.
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[bookmark: _Toc183528417]Figure 7 - 1.0M HCl graph
The third experiment was the 1.0M HCl and the same process was done with taking readings for the calculations and comparisons.
[bookmark: _Toc183528405]Section 3 – Discussion
The experiments completed allowed for the learners to make graphs which allowed for a comparison to be made between the different temperature’s concentrations and surface area. By having these comparable the rate of reaction could be seen via the curve on the graph. These curves could be compared with the different variables considered.
The first experiment completed was the different concentrations and the results and graphs are figure 5, figure 6 and figure 7. From all three graphs it shows that the amount of gas produced at the beginning being big jumps in volume and then it plateaus off as the reaction reaches the end. The T1 for these experiments had a reading of 47 (1.0M), 50 (1.5M) and 26 (2.0M), the T2 readings were 90, 90 and 52. These readings were then used to work out the instantaneous rate of the reaction. The lowest readings were from the experiment that occurred the errors which meant that they are inaccurate. Using the highest reading on the graph of 83.5 (1.0M), 86 (1.5M) and 45 (2.0M) allowed the learners to work out the average rate of reaction. The rate of reaction calculations results was 0.236 (2.0M HCl) 0.307 (1.5M HCl) 0.358 (1.0M HCl). From these readings from the graphs, it showed there was an increase in gas between the 1.0M HCl compared to the 1.5M HCl. Therefore, this part of the experiment agrees and backs up the hypothesis.
The second experiment was different temperatures, and the results and graphs are figure 2, figure 3 and figure 4. All three of these graphs showed the readings being a positive correlation of as the time increase so did the amount of gas produced. The T1 readings was 23 (60 degrees Celsius), 21 (50.4 degrees Celsius) and 23 (72 degrees Celsius), the T2 readings was 71 (60 degrees Celsius), 72 (50.4 degrees Celsius) and 74.5 (72 degrees Celsius). The rate of reaction calculations gave answers of 0.368 (72 degrees Celsius) 0.364 (50.4 degrees Celsius) 0.343 (60 degrees Celsius). This shows that the results of the different temperatures didn’t have much of a difference with the rate of reaction, but it does show that there is a small increase with more temperature. The learner was expecting to see a bigger increase so to conclude this hypothesis so to agree with it more tests with different temperatures will be done.
The third experiment was the surface area, and the results and graph are figure 1. The T1 result was 19 and the T2 was 77. The rate of reaction calculations gave an answer of 0.414 which is the highest result from all experiments as the others had answers of around 0.3. This shows that the increase in surface area increases the rate of reaction and agrees with the hypothesis.
The experimental errors that were noticed while completing the experiments was all human error, this was noticed in the measuring, timing and the whole method of the experiments. The first issue that arose was after the experiment the gas syringe would be pushed out meaning before the next experiment started it had to be pushed back in. In the experiment of the 2.0M HCl this was forgotten and therefore the timing and gas amount was not readable for the initial part of the experiment. This meant that the results gathered were not accurate and therefore made the results not applicable for the comparison process. To avoid errors like this it would be important to check all equipment is ready before the experiment can take place. Next time this experiment will be done this will be checked. Another error that could occur is the accuracy of the amount of solution used and different amounts may react differently. For example, when measuring out the HCl using the pipette it is important that the same person is doing this job as people can see the measuring part differently. To make sure it is accurate 2 person checking the measurement allowed for the learners to get a more accurate reading. The last factor is the gas reading, the gas syringe moves quickly when the reaction is taking place so the same person should be constantly reading out the amount of gas while the other watches the time and notes down the results. For this to work effectively teamwork needs to be good and the communication also needs to be clear. 
The rate of reaction experiments is also seen in OME, this can be seen in explosive detonations. In AWE an experiment on the explosives rate of reaction can be measured using a phase speed strip which has different pins along the explosive and as it detonates it sends a signal back to the diagnostics. The rate of reaction is important for scientists to know how the explosives behave, whether they function how they’re supposed to and checks the sensitivity of explosives. These three things are important to know and tests like these are done all the time. The detonation of explosives is a exothermic chemical reaction which is the same as the rate of reaction experiments that were discussed in this report, the rate of the reaction is determined by the heat generation and the function of temperature and chemical composition. [1] The chemical reaction that took place in the experiments is the same as what occurs with explosive detonation.
One report that was found that linked rate of reaction to OME was on the prediction of sympathetic detonation. This experiment showed the different distances can affect the detonation process; it showed the rate of reaction graphs of these explosives and how it effects the results. This linked to what the learners saw in the laboratory. [2]
[bookmark: _Toc183528406]Section 4 – Conclusion
To conclude this report the experiments completed for this report were all successful with all practical experiments done and allowing for the calculations and the graphs to be done. On completion of these the hypothesis, an increase with concentration of the substance, temperature of the substance or surface area of magnesium the rate of reaction will increase, has been proven as correct. This has been backed up by the comparison of the data and the research done on other scientists completing the same experiments. In terms of the experiments there were some errors that occurred but the discussion of ways to avoid these were discussed and therefore in the future these can be avoided. By doing these things the data will be more accurate.
[bookmark: _Toc183528407]Section 5 – References
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[bookmark: _Toc183528408]Section 6 – Appendix
[bookmark: _Toc183528409]Materials 
The materials used for the rate of reaction are long test tube with arm, gas syringe, rubber bung and delivery tube to fir the test tube, 2 large beakers for water bath and reaction mixture waste, pipette and pipette filler, 2 clamp stands, 6 test tubes and test tube holder, graduated cylinder, thermometer, ring stand, Bunsen burner, graph paper.
The chemicals needed for the experiments are magnesium ribbon cut into 4cm length and weighed, magnesium powder, hydrochloric acid (2.0M and 1.0M) and DI water.
[bookmark: _Toc183528410]Experimental procedure
The first experiment was the effect of concentration on the speed of hydrogen gas evolution. 3 20ml solutions of HCl with 1 2.0M, 1.5M and 1M and the pipette was used to get the exact volume. The lowest concentration was poured into the test tube. A 4cm strip of magnesium was added to the test tube and the bung was put on quickly and the stopwatch was turned on. The volume of hydrogen gas was recorded every 10 seconds until no wore gas is given off. After reaction as taken place, the recording was stopped, and mixture is poured into the waste beaker. The temperature of the substance was then measured. The other 2 concentrations were then tested in the same process.
The second experiment was the effect of temperature on the speed of H2 gas evolution. The water bath was set up, this was done by pouring water into a large beaker and heated over a Bunsen burner till the temperature increases by approximately 10 degrees Celsius. In the graduated cylinder 20mL of 1.0M stock solution into three test tubes. The first test tube with 1.0M HCl into the water bath and left for the temp of the acid reaches the temperature of the water bath. The acid was then transferred, and the magnesium was placed inside, and the bung was put on and the stopwatch was started. Timing was continued until no more gas is given off and recording of the time every 10 seconds was done. After the reaction was taken place, the waste was put into the waste beaker and the experiment was completed for the other temperatures.
The third experiment was the effect of the surface area of magnesium on the speed of H2 gas evolution. The graduated cylinder was used to transfer the 20mL of 1M HCl at room temperature into the test tube arm. Magnesium powder was then added to the test tube and the bung applied and the stopwatch started. After the experiment was done the mixture was discarded into the waste beaker.
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Write the balanced chemical equation for the reaction between magnesium and
hydrochioric acid:
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1. Effect of concentration of HCl on speed of H; gas evolution:
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. Effect of temperature on speed of H; gas evolution
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1. Effect of the surface area of Mg on speed of H; gas evolution
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