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[bookmark: _Toc152143022][bookmark: _Toc183434601]Section one – Introduction
The aim for this experiment is to compare the different effects temperature of the hydrochloric acid, surface area of the magnesium and concentration of the hydrochloric acid has on the rate of reaction. This experiment will be done in three parts. The first part will be done using magnesium strips and three different concentrations of hydrochloric acid: 1 mole HCL, 1.5 mole HCL and 2 mole HCL. The second part of the experiment will be done three times using magnesium strips and different temperatures of HCL increasing by roughly 10 degrees Celsius each time. The final part of this experiment will be completed using magnesium powder to test how the change in surface area has an effect on the rate of reaction. A graph will then be done to then work out the average rate and instantaneous rate at a certain time point. The hypothesis before starting the experiment is that the change in temperature will cause more hydrogen to be produced, this is due to the average kinetic energy of the molecules increasing [1] which will lead to a faster rate of reaction. It is also believed that as the concentration increases so is the rate of reaction due to the higher amount of reactant particles moving together [2]. The hypothesis for the change in surface area is that due to significantly more particles being exposed during the reaction there is a higher chance of the particles colliding [3] causing a higher rate in reaction and larger amount of hydrogen being produced. The law of rate of reaction states that if you increase the concentration of reactants, you increase the rate of reaction. This is due to the reactants being closer together in space which means they are more likely to react with more particles colliding with each other [4]. 
Rate of reaction tests are frequently done within OME to calculate the way a material will decompose to obtain the highest yield from a material. An example of a test within OME is a preliminary review. A preliminary review is a thermochemical calculation based on bond energies or heats of formation which can be used to calculate the heat of reaction or decomposition energy. Individual molecules can be tested to understand how the chemical will decompose on heating [5]. another example of a test that would be used within OME is the screening test which takes a sample of a few milligrams to test the temperature materials in a reaction decompose and the possible effects contaminants may have on the thermal stability [5]. Another important test used within OME is the adiabatic test this is done to determine the time to maximum rate and amount of pressure that builds up to calculate whether the vessel will fail under the amount of pressure released [5]. 
The variables for this experiment are:
Dependant: rate of reaction [6]
Independent: The surface area of magnesium, concentration of HCl and the temperature of HCl [6]
Control: the mass of the magnesium strips and powder and the volume of the solutions.  
The equations used are:
To calculate the average and instantaneous rate of reaction:
 

Moles of magnesium: 
 [5]

[bookmark: _Toc152143023][bookmark: _Toc183434602]Section Two – Results
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[bookmark: _Toc183434609]Figure 1- results page 1.
Results page one contains the chemical equation for the reaction between magnesium and hydrochloric acid. For the equation to be balanced it requires 2 HCl as shown in figure 1. This page also contains the mass of magnesium which is 0.0895g and the method to work out the number moles using the atomic mass of magnesium giving an answer of 0.0037 moles [7]. This page also consists of the volume of 2.0 mole HCl which is 20mL and the calculation to work out the number of moles which is 40 [7]. 
[image: ][bookmark: _Toc183434610]Figure 2- results page 2- effect of concentration.



Results page 2 contains the first stage of the experiment which tests the effects of the concentration of HCl on the rate of reaction. This was done by monitoring the volume of hydrogen produced in ten second intervals up until one hundred and seventy seconds. As shown in figure 2 1 mole HCl started at 10 mL and finished at 83.5 mL with a total time of 2:52:38 to dissolve the magnesium. The 1.5 mole HCl solution started at 20mL and ended at 86mL with a total time of 2:36:41 to dissolve the magnesium. Finally, the 2.0 mole HCl started at 11mL and was cut short due to an error resetting the gas syringe. This meant that the bung had to be removed allowing the hydrogen to escape the test tube. Even though the results weren’t a full set the 2.0 mole HCl only took 2:10:00 to dissolve the magnesium. 
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[bookmark: _Toc183434611]Figure 3- results page 3- effect of temperature.
Results page 3 analyses the effect the temperature of HCl has on the rate of reaction. This stage of the experiment was repeated three times with three different temperatures, temperature 2 was 50.4 degrees Celsius, temperature 3 was 60 degrees Celsius and temperature 4 was 72.8 degrees Celsius. Temperature 2 started with 8mL and ended with 63.5mL with a total time of 4:22:42 to dissolve the magnesium. Temperature 3 started with 10mL and ended with 66.5mL with a total time of 4:16:33 to dissolve the magnesium and finally temperature 4 started at 12mL and finished with 69mL with a total time of 4:01:69 to dissolve the magnesium.  
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[bookmark: _Toc183434612]Figure 4- results page 4- effect of surface area.
Results page 4 shows the effects surface area has on the rate of reaction. This was done using magnesium powder instead of the magnesium strips that were used previously. The results in figure 4 show that it started at 5mL and finished at 62mL. figure 4 also shows the mass of the magnesium powder and the moles of magnesium [7]. 
[image: ]
[bookmark: _Toc183434613]Figure 5- graph 1- 1.0 mole HCl.
Graph 1 shows the plotted data of the volume of hydrogen produced over 10 second intervals for 1 mole HCl. This allowed for the slop to be drawn connecting t1 at 0 seconds and t2 at 170 seconds. This then allowed for the average rate to be calculated which was 83.5mL-0mL/170s-0s = 0.491mL/s. a tangent was then drawn through the data point at 80 seconds to calculate the instantaneous rate which was 90mL-47mL/130s-10s= 0.358mL/s. 
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[bookmark: _Toc183434614]Figure 6- graph 2- 1.5 mole HCl.
Graph 2 shows the plotted data of the volume of hydrogen produced over 10 second intervals for 1.5 mole HCl. This allowed for the slope to be drawn connecting t1 at 0 seconds and t2 at 170 seconds. This then allowed for the average rate to be calculated which was 86mL-0mL/170s-0s = 0.506mL/s. a tangent was then drawn through the data point at 80 seconds to calculate the instantaneous rate which was 90mL-50mL/140s-10s= 0.307mL/s. 
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[bookmark: _Toc183434615]Figure 7- graph 3- 2.0 mole HCl.
Graph 3 shows the plotted data of the volume of hydrogen produced over 10 second intervals for 2 mole HCl. This allowed for the slope to be drawn connecting t1 at 0 seconds and t2 at 130 seconds. This then allowed for the average rate to be calculated which was 45mL-0mL/130s-0s = 0.346mL/s. a tangent was then drawn through the data point at 80 seconds to calculate the instantaneous rate which was 52mL-26mL/120s-10s= 0.236mL/s. 
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[bookmark: _Toc183434616]Figure 8- graph 4- T2:50.4 degrees Celsius.
Graph 4 shows the plotted data of the volume of hydrogen produced over 10 second intervals for HCl at T2 which was 50.4 degrees Celsius. This allowed for the slope to be drawn connecting t1 at 0 seconds and t2 at 170 seconds. This then allowed for the average rate to be calculated which was 63.5mL-0mL/170s-0s = 0.374mL/s. a tangent was then drawn through the data point at 60 seconds to calculate the instantaneous rate which was 72mL-21mL/150s-10s= 0.364mL/s. 
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[bookmark: _Toc183434617]Figure 9- graph 5- T3:60 degrees Celsius.
Graph 5 shows the plotted data of the volume of hydrogen produced over 10 second intervals for HCl at T3 which was 60 degrees Celsius. This allowed for the slope to be drawn connecting t1 at 0 seconds and t2 at 170 seconds. This then allowed for the average rate to be calculated which was 66.5mL-0mL/170s-0s = 0.391mL/s. a tangent was then drawn through the data point at 60 seconds to calculate the instantaneous rate which was 71mL-23mL/150s-10s= 0.343mL/s. 
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[bookmark: _Toc183434618]Figure 10- graph 6- T4:72.8 degrees Celsius.
Graph 6 shows the plotted data of the volume of hydrogen produced over 10 second intervals for HCl at T2 which was 72.8 degrees Celsius. This allowed for the slope to be drawn connecting t1 at 0 seconds and t2 at 170 seconds. This then allowed for the average rate to be calculated which was 69mL-0mL/170s-0s = 0.406mL/s. a tangent was then drawn through the data point at 60 seconds to calculate the instantaneous rate which was 74.5mL-23mL/150s-10s= 0.368mL/s. 
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[bookmark: _Toc183434619]Figure 11- graph 7- effect of surface area.
Graph 7 shows the plotted data of the volume of hydrogen produced over 10 second intervals for magnesium powder. This allowed for the slope to be drawn connecting t1 at 0 seconds and t2 at 170 seconds. This then allowed for the average rate to be calculated which was 62mL-0mL/170s-0s = 0.365mL/s. a tangent was then drawn through the data point at 60 seconds to calculate the instantaneous rate which was 77mL-19mL/150s-10s= 0.414mL/s. 

[bookmark: _Toc152143029][bookmark: _Toc183434603]Section Three – Discussion
After completing the experiment, the hypothesis was reviewed which stated that with the increase of temperature the rate of reaction would increase leading to a higher and quicker production of hydrogen gas. This was shown as correct within the results. For example, after 10 seconds had past the volume of hydrogen was recorded as 8 mL for temperature 2, 10 mL for temperature 3 and 12 mL for temperature 4. These differences stayed relative throughout the experiment, an example of this is at 90 seconds where temperature 2 was recorded as 48 mL, temperature 3 was recorded as 50 mL and temperature 3 was recorded as 51 mL. the experiment was complete at 170 seconds where the volume was finally recorded showing that temperature 2 had a volume of 63.5 mL, temperature 3 had a volume of 66.5 mL and temperature 4 had a volume of 69 mL, overall, this shows that as time went on there was an increase in volume of hydrogen production for the higher temperatures. The results also show that the rate of reaction was quicker as the average rate for temperature 2 was 0.374 mL/s, temperature 3 was 0.391 mL/s and temperature 4 was 0.406 mL/s. This was also shown in time taken to dissolve the magnesium was significantly slower for temperature 2 than temperature 4. This was clear in the results as temperature 2 took 4:22:42 to dissolve whereas temperature 4 took 4:01:69 to dissolve. The hypothesis also stated that the rate of reaction would increase dramatically with a larger surface area. This is shown to be false when comparing the results for the magnesium strip in 1 mole HCl to the magnesium powder in 1 mole HCl. The results show that not only was 21.5 mL more hydrogen produced by the magnesium strip, but the rate of reaction was also slower for the magnesium powder. An example of this is at 10 seconds where the magnesium strip was recorder as 10 mL whereas the powder was recorded as 5 mL. this is relative throughout as seen in the results section and is backed up by the average rate of reaction which was 0.491 mL/s for magnesium strip and 0.365 mL/s for the magnesium powder. After reviewing the results achieved by other experiments [8] it is believed that there was an issue with this experiment as with a larger surface area the rate of reaction should increase. The final part of the hypothesis states that if the concentration of the HCl is increased the rate of reaction will also increase. Due to an error with resetting the gas syringe there is not a full set of data for the 2 mole HCl, however from the results achieved it is shown that the hypothesis is correct as the 1.5 mole HCl has a quicker rate of reaction, this is seen throughout the whole timed period. The results also show that the 1.5 mole HCl had a higher average rate of 0.506 mL/s compared to 1 mole HCl which had an average rate of 0.491mL/s. the 1.5 mole HCl also had a quicker time to dissolve the magnesium at 2:36:41 compared to 1 mole HCl which had a time of 2:52:38.  
One of the main errors experienced which caused a loss of data was the gas syringe as it needed to be manually reset. Failure to do this step resulted in the experiment being stopped prematurely as seen with the 2.0 mole HCl in Figure 2. Another area for possible failure was the transferring of the test tubes containing HCl from the hot water bath. Due to the time taken to transfer the test tube by the time the experiment had started the temperature of the HCl had dropped. This could cause an error in results as the temperature specified may be incorrect. 
[bookmark: _Toc152143033][bookmark: _Toc183434604]Section Four – Conclusion
After completing this experiment, the results achieved were reviewed and for the most part were correct which supported the hypothesis that with the changes made the rate of reaction would increase. Overall, it was shown in the results that the change in concentration had more of an impact on the rate of reaction and volume of hydrogen produced compared to larger surface area and higher temperatures. If this experiment was completed again the experimenter should allow for more time in between each test, this would ensure that all steps are followed precisely and should eliminate any chance of failure for example the issue of resetting the gas syringe between use. Further testing could involve preliminary reviews which will take place before hand to determine how the material decomposes with heat [5]. It could also involve screening tests which use a sample size of a few milligrams to test what temperature the materials used decompose at and the effects contaminants may have on the thermal stability of the material [5]. Another test that could be done for further research could be the adiabatic test which looks at the amount of pressure released, and the time taken to reach the maximum rate [5]. 




[bookmark: _Toc152143034][bookmark: _Toc183434605]Section Five – Appendix
	Lab tools and equipment

	long test tube with arm

	gas syringe

	rubber bung and delivery tube to fit the test tube

	2 large beakers for water bath and reaction mixture waste

	Bunsen burner and ring stand

	Pipette and pipette filler

	2 clamp stands

	6 test tubes and test tube holder

	Graduated cylinder

	Thermometer

	Graph paper


[bookmark: _Toc172620963][bookmark: _Toc183434620]Figure 12- tools and supplies.
Experimental procedure
The aim of the experiment was to determine the rate of reaction and the different effects surface area, temperature and concentration has on the rate of reaction. This was split up into three separate stages. The first stage was to test the different concentrations of HCl using three different concentrations 1 mole HCl, 1.5 mole HCl and 2 mole HCl. 20 ml of each solution was poured into a test tube the 4 cm strip of magnesium was then placed into the same test tube and the bung and delivery tube was put on the top. As the reaction was taking place the gas syringe was filling with hydrogen gas. As it filled the gas syringe the volume was recorded in 10 second intervals up until 170 seconds. Once completed the reaction mixture was discarded into a separate beaker and the experiment was repeated. The second part of the experiment was done using three separate temperatures of 1.0 mole HCl one at 50.4 degrees, one at 60 degrees and one at 72.8 degrees. For this stage 20 ml HCl was placed into three separate test tubes and heated in a hot water bath. The HCl was then transferred to the test tube for the 4cm magnesium strip to be added. The bung and delivery tube were then fitted, and the volume of hydrogen was monitored every 10 seconds until 170 seconds. Once completed the reaction mixture was then transferred to a separate beaker and the experiment was repeated using 3 different temperatures roughly 10 degrees Celsius apart. For the final part of the experiment 20ml of 1 mole HCl was poured into the test tube and the 0.0895g of magnesium powder was added. The bung and delivery tube were then placed on top. The volume of hydrogen gas produced was monitored every 10 seconds until 170 seconds. Once completed the reaction mixture was then discarded into a separate beaker. 
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Write the balanced chemical equation for the reaction between magnesium and

hydrochloric acid:
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WVioles of reactants:
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I. Effect of concentration of HCl on speed of Hz gas evolution:

1.0 M HCl
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