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[bookmark: _Toc197692377]Introduction. 

The rate of reaction is a fundamental concept in chemistry and it measures how quickly reactants are transformed into products in a chemical reaction [1]. The experiments mentioned in this lab report investigate how different variables affect the rate of reaction of magnesium reacting with hydrochloric acid. In the 3 experiments, the factors looked at are concentration of hydrochloric acid, temperature and surface area of magnesium used. According to the collision theory, reactions occur when particles collide with enough energy. From this it is expected that increasing concentration of the hydrochloric acid it will increase the rate of reaction, as it increases the number of particles per unit volume. It is also expected by increasing the temperature, the rate of reaction will increase as the particles will have more energy, making them move faster, increasing the frequency and energy of the collisions. Finally, in the last experiment, it is expected that increasing the surface area of the magnesium it will also increase the rate of reaction. This is because there will be more reactive surfaces for the hydrochloric acid to collide and react to. 

[bookmark: _Toc197692378]Hypothesis:

1. Concentration - Increasing the concentration of hydrochloric acid will increase the rate of reaction with magnesium.
2. Temperature - Increasing the temperature will increase the rate of reaction between magnesium and hydrochloric acid.
3. Surface Area - Magnesium turnings will react faster than a magnesium ribbon due to greater surface area.

[bookmark: _Toc197692379]Variables:

[bookmark: _Toc197692233][bookmark: _Toc197692380]Experiment 1 - Effect of HCl concentration on the speed of H2 gas evolution.

· Independent Variable - Concentration of hydrochloric acid.
· Dependent Variable - Time for magnesium to fully dissolve.
· Controlled Variables - Temperature, volume of acid, mass and form of magnesium strip.

[bookmark: _Toc197692234][bookmark: _Toc197692381]Experiment 2 - Effect of temperature on the speed of H2 gas evolution.

· Independent variable - Temperature of the hydrochloric acid.
· Dependent Variable - Time for the magnesium to fully dissolve.
· Controlled Variables - Concentration and volume of hydrochloric acid, mass and form of magnesium strip.

[bookmark: _Toc197692235][bookmark: _Toc197692382]Experiment 3 - Effect of the surface area of Mg on speed of H2 gas evolution.

· Independent Variable - Surface area of magnesium.
· Dependent Variable - Time for magnesium to fully dissolve.
· Controlled Variables - Concentration and volume of hydrochloric acid, temperature.

[bookmark: _Toc197692383]Equations:       

    [cm3/s]	                                                                  			Equation 1
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First, a balanced chemical equation for the reaction had to be figured out, this can be seen below in figure 1. Then the next step was to work out the mass and moles of magnesium as well as the moles of the hydrochloric acid, this can also be seen in figure 1 below. 

[image: ]
Figure 1 – Balanced chemical equation, including moles of Mg and HCl
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The results of experiment 1 can be seen in figure 2 below. 

[image: ]
Figure 2 – Results from experiment 1. 


Figure 3 – Graph from experiment 1. 
As can be seen in the results and graph above, as the concentration of HCl increases, the time required for magnesium to dissolve decreases, showing an increase in rate of reaction. For 0.5 mol concentration the average rate of reaction was 0.0325cm3/s, for 1.0 mol it was 0.245cm3/s, for 1.5 mol it was 0.68cm3/s and finally 2.0 mol the average reaction rate was similar to 1.5 mol at 0.67cm3/s. This is due to the greater number of H⁺ ions in more concentrated acid, resulting in more frequent collisions with magnesium atoms. The increase in both average and instantaneous rate confirms that concentration significantly influences the reaction rate. In this experiment it was expected to produce the same volume of H2, however the volume H2 was increased over each experiment. This is probably due to the reaction being a lot slower for the first two concentrations so by the time that 5 of the same readings was taken the reaction wasn’t fully completed. It is assumed that if the reaction was left, over time, the volume of H2 would be the same. Regarding the last two concentrations, the results were very similar. The reaction time and the volume of H2 were pretty much the same. This is probably due to another factor limiting the reaction rate like surface area of the magnesium or the temperature. After 1.5 mol of HCl the number of H+ ions in the concentration had little effect of the rate of reaction. 

[bookmark: _Toc197692237][bookmark: _Toc197692386]Experiment 2 - Effect of temperature on the speed of H2 gas evolution.

The results from experiment 2 can be seen in figure 3 below. 
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Figure 4 – Results from experiment 2. 



Figure 5 – Graph from experiment 2. 

From the results and the graph above there was an unexpected outcome. It is expected that the increase of temperature will increase the rate of reaction. From the first experiment T1 was measure to be 24.3•C with a reaction time of 220 seconds, giving an average rate of 0.245cm3/s. In the first part of this experiment T2 was measured to be 35•C, however the reaction time increased to 600 seconds, giving it a slower reaction rate of 0.0775cm3/s. For the final part of this experiment T3 was measures to be 44.5•C, however the reaction time was only slightly quicker than T2 at 580 seconds giving it the average reaction rate of 0.087cm3/s. From these results it would suggest that increasing the temperature slows down the rate of reaction, this contradicts the expectations. Higher temperature should increase rate of reaction due to particles having more energy, increasing the frequency and energy of the collisions. The issues of the results are most likely due to human error. From these results it suggests that the experiment was done with lower concentration HCl, instead of the 1.0 M HCl intended. Other issue could be that there was inconsistent timing or measurements of temperature. There also could have been inconsistencies with the magnesium strip, oxidation layer of the magnesium might not have been fully removed from this experiment, slowing down the time of reaction. In the future for this experiment all measurements will have to be double checked to make sure that the results are consistent. 
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The results from experiment 3 can be seen in figure 4 below. 
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Figure 6 – Results from experiment 3. 


Figure 7 – Graph from experiment 3.
From the results and graph above it can be seen that the reaction time for the magnesium turnings was only 120 seconds giving the average reaction rate of 0.35cm3/s and an instantaneous reaction rate of 0.7cm3/s. Comparing this to the last part of experiment 2 because the T values are the most similar. The reaction in experiment 2 took 580 seconds, with an average reaction rate of 0.087cm3/s and an instantaneous reaction rate of 0.175cm3/s. It is clear to see that having a greater surface area of the magnesium results in a higher reaction rate. This is due to the greater surface area allowing more acid particles to collide with the magnesium. This supports the expected results that increasing surface area increases reaction rate. To increase the validity of these results it would help to have the T values exactly the same. It would also be beneficial to re-do experiment 2 as these results are not accurate. 

[bookmark: _Toc197692388]Discussion.

The experiments above were done to demonstrate how three variables, acid concentration, temperature, and surface area, affect the rate of chemical reaction between hydrochloric acid (HCl) and magnesium (Mg). For concentration, in experiment 1, the results clearly showed that by increasing the concentration of hydrochloric acid it increased the rate of reaction. This aligns with the collision theory, which states that higher concentration increases the number of particles in a given volume, resulting in more frequent and effective collisions. Regarding temperature, the results collected showed that higher temperatures were associated with longer reaction time. This contradicts the expectations. This is likely due to human error rather than an actual inverse relationship. Theoretically, higher temperature increases the kinetic energy of particles, thereby increasing the frequency and energy of collisions and accelerating the reaction, however this was not seen in the results. This experiment should be completed again with measurements taken more accurately to ensure their validity. Finally, the results seen in the surface area experiment, showed a significant increase in rate of reaction with the increased surface area of the magnesium. Having an increased surface area, it allows more HCl particles to interact with the magnesium simultaneously, speeding up the reaction.

Rate of reaction is highly relevant to a OME environment. Regarding concentration it is important to know the rate of reaction during chemical synthesis of energetic compounds. The ability to predict and control the rate of reaction ensures that the processes are safe and effective [2]. Temperatures effect on rate of reaction is crucial for explosive safety. Materials that react easily at elevated temperatures have serious risks during storage, handling, or accidental ignition. Temperature thresholds must be tightly regulated in OME environments to ensure the safe use of energetic materials [3]. Finally, surface area of explosives and propellants is normally increased to increase the rate of reaction. For example, gun powder is produced in a power form as it rapidly increases the rate of reaction allowing it to be more effective [4]. 

There are several limitations and potential sources of error for the 3 experiments in this lab report. The main issue from the experiments was the effect of temperature on speed of H2 evolution (experiment 2). Higher temperatures should increase rate of reaction due to particles having more energy, increasing the frequency and energy of the collisions. However, the results did not show this. The issues of the results are most likely due to human error. From the results it suggests that the experiment was done with lower concentration HCl, instead of the 1.0 M HCl intended. The other issue could be that there was inconsistent timing or measurements of temperature. There could have also been temperature loss when moving the HCl from the water bath to the syringe, this could have allowed cooling. In future for this experiment all measurements will have to be double checked to make sure that the results are consistent. Regarding all the experiments other sources of error could be the inaccurately measuring the time. Gas measurements, the syringe would sometimes get stuck, effecting the H2 volume readings. Mass and form of the magnesium’s strips, although the ribbon length was controlled, surface condition (oxidation layer) or slight variations in mass might not have been fully accurate. To address these issues in future experiments, better measurements of time, H2 volume and temperature will improve the results. It is also important to make sure the controlled variables are actually controlled, for example the oxidation layer on the magnesium strip and the concentration of the HCl for the last 2 experiments. 

[bookmark: _Toc197692389]Conclusion. 

In conclusion, this lab report investigated how three variables: concentration, temperature, and surface area affected the rate of reaction between magnesium and hydrochloric acid. It was found that increasing the concentration of HCl significantly increased the reaction rate up until the 1.5 mol concentration, after this it is likely that another factor was limiting the rate of reaction. This supports the hypothesis that increasing the concentration of hydrochloric acid will increase the rate of reaction with magnesium. For the temperature variable the data for had unexpected results. The rate of reaction appeared to decrease as temperature increased. This contradicts the hypothesis and the collision theory. These results are likely due to experimental errors. Finally, the surface area variable, it was found that a greater surface area increases the rate of reaction by providing more contact points for collisions. Supporting the hypothesis that magnesium turnings will react faster than a magnesium ribbon due to greater surface area. Overall, two of the three hypotheses were clearly supported by the data, while the temperature hypothesis could not be properly validated.

For future experiments it would be recommended to repeat the temperature experiment with more accuracy, making sure all measurements and timing are correct. It will also help to have better thermal insulation and faster transfer of reactants to minimize heat loss and ensure accurate results. Another way to increase the results validity is to use more precise timing methods, such as sensors or automated data loggers, to reduce human error, this will help especially in quick reactions. For future research it would be useful to measure additional variables such as catalysts or pressure and their influence on rate of reaction.
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Lab tools and supplies:
· Long test tube with arm
· Gas syringe - syringe should not be allowed to become wet, or the plunger will stick inside the barrel
· Rubber bung and delivery tube to fit the test tube
· Two large beakers for the water bath and reaction mixture
· Pipette and pipette filler
· Two clamp stands
· Test tube holder
· Thermometer 
· Ring stand, Bunsen burner, clay triangle 
· Stopwatch
· Graph paper

Chemicals: 
· Magnesium ribbon cut into 4 cm length and weighed 
· Magnesium powder (same mass as ribbon)
· Hydrochloric acid (2.0 M and 1.0 M)
· DI water

Apparatus: 
[image: ]
Keep the aparatus on the same level and the syringe perpendicular









[bookmark: _Toc197692240][bookmark: _Toc197692393]Appendix 2 – Procedures. 

Experiment 1 - Effect of HCl concentration on the speed of H2 gas evolution.

1. Prepare FOUR 20.0 mL solutions of HCl with the following concentrations: 2.0 M (stock), 1.5 M, 1.0 M and 0.5 M.  Use the pipette to measure appropriate volumes of the 2.0 M HCl solution and DI water. 
2. Pour the HCl solution with the lowest concentration into the test tube with arm. 
3. When ready, add a 4 cm strip of magnesium ribbon to the test tube, quickly put the bung back, and start the stopwatch.
4. For 1 M HCl use the Mg ribbon from the premeasured vial. This set of data will be needed for Part 3. 
5. Record the volume of hydrogen gas given off at suitable intervals (e.g. 10 seconds). Continue timing until no more gas is given off. 
6. After the reaction is completed, discard the reaction mixture in the waste beaker.
7. Measure the temperature of 1.0 M HCl. It will be needed for Part 2. 
8. Repeat the same experiment for three other concentrations of HCl.

Plot the graph (VH2 vs t) showing the change in volume of H2 gas over time for each concentration of HCl. 

For each concentration of HCl determine the:
1. Average rate of reaction (between t = 0s and t = t1; use the same t1 for all concentrations) 
2. Instantaneous rate of reaction at t = 0.

Experiment 2 - Effect of temperature on the speed of H2 gas evolution.

1. Set up a water bath. Pour water into the large beaker and heat it over the Bunsen burner till the temperature of water increases by approximately 10 degC when compared to the initial temperature of 1 M HCl measured in the previous part. 
2. Pipette 20 mL of 1.0 M stock solution into three test tubes. 
3. Place the first test tube with 1.0 M HCl in the water bath and wait until the temperature of the acid reaches the temperature of the water in the water bath. 
4. Quickly transfer the warm HCl into the tube with the arm, put 4 cm piece of magnesium ribbon, put the bung back, and start the stopwatch.
5. Continue timing until no more gas is given off. 
6. After the reaction is completed, discard the reaction mixture in the waste beaker.
7. Repeat the same experiment for two more temperatures (ideally 10  degC apart).

On the separate graph paper provided, plot the graph (VH2 vs t)) showing the change in volume of H2 gas over time for each temperature. 

For each concentration of HCl determine the:
1. 1 Average rate of reaction (between t = 0s and t = t1; use the same t1 for all temperatures) 
2. Instantaneous rate of reaction at t = 0.

Experiment 3 - Effect of the surface area of Mg on speed of H2 gas evolution.

1. Use the pipette to transfer 20 mL of 1 M HCl at room temperature into the test tube with arm. 
2. Quickly add the Mg turnings into the test tube, put the bung back, and start the stopwatch.
3. Continue timing until no more gas is given off. 
4. After the reaction is completed, discard the reaction mixture in the waste beaker.

Plot the graph (VH2 vs t)) showing the change in volume of H2 gas over time for each temperature. Determine the:

1. 1. Average rate of reaction (between t = 0s and t = t1; use the same t1 for both Mg samples). 
2. Instantaneous rate of reaction at t = 0.

Temperature

24.3	0	22	30	31.5	48	52	53	53	53	53.5	53.5	54	54	54	54	54	35	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	300	320	340	360	380	400	420	440	460	480	500	520	540	560	580	600	620	640	660	680	0	4	7	9.5	12	14.5	17	19	21.5	23.5	25.5	27.5	29	31	32.5	34	35.5	37	38	39	40	41	42	43	44	44.5	44.5	45	46	46	46.5	46.5	46.5	46.5	46.5	44.8	0	3.5	7	10	13.5	16.5	19.5	22	25	27	29.5	31.5	34	35.5	37.5	39	40.5	42	43	43.5	44.5	46	46.5	47	48	49	50	50	50	50.5	50.5	50.5	50.5	50.5	Time (Seconds)


Volume H2 (cm2)




Ribbon 	20	40	60	80	100	120	140	160	180	200	220	240	260	280	300	320	340	360	380	400	420	440	460	480	500	520	540	560	580	600	620	640	660	0	3.5	7	10	13.5	16.5	19.5	22	25	27	29.5	31.5	34	35.5	37.5	39	40.5	42	43	43.5	44.5	46	46.5	47	48	49	50	50	50	50.5	50.5	50.5	50.5	50.5	Turnings 	0	14	19	25	35	41	42	42	42	Time (Seconds)


Volume H2 (cm2)




Concentration 

0.5 M	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	300	320	340	360	380	400	420	440	460	480	500	520	540	560	580	600	620	640	660	680	0	1.5	3.5	5	7	9	10.5	12.5	14	15.5	17	18.5	20	21	22.5	23.5	24	25	25.5	26	27.5	28	28	29	29.5	30	30	31	31	31	31.5	31.5	31.5	31.5	31.5	1.0 M	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	300	320	340	360	380	400	420	440	460	480	500	520	540	560	580	600	620	640	660	680	0	22	30	31.5	48	52	53	53	53	53.5	53.5	54	54	54	54	54	1.5 M	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	300	320	340	360	380	400	420	440	460	480	500	520	540	560	580	600	620	640	660	680	0	44	59.5	64.5	67	68	68	68	68	68	2.0 M	0	46	52	61	66	67	67	67	67	67	Time (Seconds)


Volume H2 (cm2)
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