



Introduction
Aim of Experiment
The aim of this experiment is to assess how temperature, concentration and surface area affect the rate of reaction. 
Hypothesis
1st Experiment - Effect of HCL Concentration
When the concentration of hydrochloric acid (HCL) is increased the rate of hydrogen gas evolution will increase when the HCL is reacted with magnesium (Mg).
This outcome is expected since a higher concentration of HCL means there are more ions available to collide with the Mg atoms which will make the reaction happen much faster as there are more chances for successful collisions.
2nd Experiment - Effect of Temperature
When the temperature of HCL is increased the rate of hydrogen gas evolution will increase when the HCL is reacted with Mg.
This outcome is expected due to particles having a higher kinetic energy at higher temperatures thus making it more likely for frequent collisions to occur, increasing the chance of a successful reaction. 
3rd Experiment – Effect of Surface Area 
Using powdered Mg instead of strips which increases the surface area, when reacted with HCL the rate of hydrogen gas evolution will be increased.
This outcome is expected since a larger surface area will make the magnesium atoms more available to the acid which will increase the number of collisions at once causing the reaction to happen quicker. 






Variables
1st Experiment - Effect of HCL Concentration
· Independent variable - Concentration of HCL.
· Dependant variable - The rate of hydrogen gas evolution.
· Controlled variables – Mass and surface area of Mg.

2nd Experiment - Effect of Temperature
· Independent variable - Temperature of HCl.
· Dependant variable - The rate of hydrogen gas evolution.
· Controlled variables - Concentration and volume of HCl 
3rd Experiment – Effect of Surface Area 
· Independent variable - Surface area of Mg.
· Dependent variable - The rate of hydrogen gas evolution.
· Controlled variables – Temperature of HCl and mass of Mg.

Theory
Chemical equation and formulas for calculations  
Mg + 2HCL ↔ MgCl2 + H2	 Equation 1

                      [cm3/s] 	Equation 2

Importance of the kinetics in OME
Rate of reaction is a very important aspect of OME as the speed of a reaction controls how quickly energy is released during an explosion. So, if a reaction is too fast then that means it could be sensitive and go off when its not supposed to or if a reaction is too slow the explosive might not work as well as intended. In an explosive there is an area called the ‘reaction zone’ where the explosive quickly turns into gas and releases large amounts of energy. If the explosion works successfully the reaction needs to happen very fast. Therefore, by measuring the rate of reaction of an explosive, this helps predict explosives performance and power. This allows the explosives to be designed with the correct balance between safety and performance which is essential in the OME field. [2] 
Calculations
Average Rate of Reaction – This was calculated in each experiment by using the formula below.
    [cm3/s]
By dividing the total volume of hydrogen gas by the total time taken for the reaction to be complete. This makes it possible to compare the rate of reaction between other concentrations, temperatures and surface areas.
Instantaneous Rate at t=0s – This was calculated in each experiment by using the formula below.
     [cm3/s]
To calculate the instantaneous rate at the start of the reaction a tangent was drawn at t=0 on a results graph. The gradient of the tangent is the instantaneous rate which shows the reaction rate before any limiting factors are introduced. 

Results and Discussion
A balanced chemical equation was first calculated for the reaction shown in equation 1. Once the equation was calculated, another calculation was made using the mass of Mg and Volume of HCl for the moles of Mg and HCl shown in table 1.
Mg + 2HCL ↔ MgCl2 + H2 	Equation 1

	Mg
	2M HCL

	Mass
	Moles
	Volume
	Moles

	0.0721
	0.00297
	20.0 mL
	0.04

	0.0721
	0.00297
	15.0 mL
	0.03

	0.0721
	0.00297
	10.0 mL
	0.02

	0.0721
	0.00297
	5.0 mL
	0.01


Table 1





1st Experiment – Effect of Concentration of HCl on Speed of H2 Gas Evolution
	0.5M HCL
	
	
	1.0 HCL 
	T = 22.7°C
	
	1.5M HCL
	
	
	2.0M HCL

	Time, s 
	V H2, mL
	
	Time, s 
	V H2, mL
	
	Time, s 
	V H2,mL
	Time, s 
	V H2, mL

	20
	2
	
	10
	7
	
	10
	19
	
	10
	32

	40
	6
	
	20
	15
	
	20
	31
	
	20
	51

	60
	8
	
	30
	20
	
	30
	40
	
	30
	56

	80
	10
	
	40
	25
	
	40
	46
	
	40
	62

	100
	13
	
	50
	30
	
	50
	51
	
	50
	66

	120
	16
	
	60
	35
	
	60
	54
	
	60
	70

	140
	18
	
	70
	39
	
	70
	58
	
	70
	72

	160
	20
	
	80
	43
	
	80
	61
	
	80
	73

	180
	23
	
	90
	47
	
	90
	64
	
	90
	73

	200
	24
	
	100
	51
	
	100
	65
	
	100
	73

	220
	26
	
	110
	56
	
	110
	66
	
	110
	73

	240
	28
	
	120
	59
	
	120
	66
	
	120
	73

	260
	29
	
	130
	61
	
	130
	66
	
	130
	73

	280
	31
	
	140
	62
	
	140
	66
	
	140
	73

	300
	33
	
	160
	64
	
	150
	66
	
	150
	73

	320
	34
	
	170
	65
	
	160
	66
	
	160
	73

	340
	36
	
	180
	65
	
	170
	66
	
	170
	73

	360
	36
	
	190
	65
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	49
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	49
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	51
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	51
	
	
	
	
	
	
	
	
	

	820
	51
	
	
	
	
	
	
	
	
	

	840
	51
	
	
	
	
	
	
	
	
	

	860
	51
	
	
	
	
	
	
	
	
	

	880
	51
	
	
	
	
	
	
	
	
	

	900
	51
	
	
	
	
	
	
	
	
	


Table 2 – Results from 1st Experiment

	[HCl]
	time to dissolve Mg
	average rate
	instantaneous rate at 

	
	
	
	t = 0 s

	0.5 M
	760 seconds
	0.0671 cm^3/s
	0.1 cm^3/s

	1.0 M
	170 seconds
	0.382 cm^3/s
	0.7 cm^3/s

	1.5 M
	100 seconds
	0.388 cm^3/s
	1.9 cm^3/s

	2.0 M 
	80 seconds
	0.9125 cm^3/s
	3.2 cm^3/s


Table 3 - Results from 1st Experiment

Figure 1 – Graph from 1st Experiment
From looking at the results and graph above it is clear to see that when the concentration of HCl is increased, the time taken for the Mg to fully dissolve is decreased, meaning that the overall rate of reaction is increased in accordance with the HCl concentration being increased. The average rate of reaction and instantaneous rate at t=0 also increases when the concentration of HCl is increased, therefore solidifying that an increase in concentration will increase the rate of reaction. The theory behind this is due to collision theory, when the concentration of HCl is increased there are more particles available to collide with the magnesium atoms. The rate of a reaction relies on the frequency of successful collisions between the particles, so with an increase of concentration, particles become closer together which makes them collide more frequent causing more frequent successful collisions then speeding up the rate of reaction.
2nd Experiment - Effect of Temperature on Speed of H2 Gas Evolution
	Time, s 
	22.7°C
	43.6°C
	35.4°C

	10
	7
	16
	8

	20
	15
	30
	17

	30
	20
	39
	24

	40
	25
	47
	29

	50
	30
	52
	34

	60
	35
	57
	39

	70
	39
	61
	43

	80
	43
	63
	46

	90
	47
	63
	50

	100
	51
	64
	53

	110
	56
	64
	56

	120
	59
	66
	58

	130
	61
	67
	60

	140
	62
	67
	61

	160
	64
	67
	63

	170
	65
	67
	63

	180
	65
	67
	64

	190
	65
	67
	64

	200
	65
	67
	64

	210
	65
	
	64

	220
	65
	
	64

	230
	65
	
	

	240
	65
	
	


Table 4 – Results from 2nd Experiment
	temperature
	time to dissolve Mg
	average rate
	instantaneous rate at 

	
	
	
	t = 0 s

	T 1
	170 seconds
	 0.382 cm^3/s
	 0.7 cm^3/s

	T 2
	130 seconds
	 0.515 cm^3/s
	 1.6 cm^3/s

	T 3
	160 seconds
	 0.356 cm^3/s
	 0.8 cm^3/s

	
	 
	 
	 


Table 5 - Results from 2nd Experiment


Figure 2 – Graph from 2nd Experiment 
By looking at the results and graph it is clear there is a different outcome than what was expected. The expected outcome was an increase in temperature would increase the rate of reaction. When the first experiment was complete T1 was measured to be 22.7°C taking 170 seconds to dissolve the Mg, then calculating the average rate to be 0.382cm^2/s and an instantaneous rate at t=0 of 0.7cm^3/s. Before starting the second experiment T2 and T3 were measured to be 43.6°C and 35.4°C. After completing the experiment with both T2 and T3 the results were calculated, where T3 is 10 degrees higher than T1 yet T3 took 10 seconds more to dissolve the Mg and had a smaller average rate of 0.356cm^3/s, showing a slower rate of reaction in T3. Somewhere through completing this experiment an error has occurred as increasing the temperature makes the particles have more energy which increases the frequency of the collisions between particles therefore increasing the overall rate of reaction. A reason for this error will be due to human error such as inaccurate measurements or timing of the reaction. In future 







3rd Experiment – Effect of Surface Area of Mg on Speed of H2 Gas Evolution

	T 1 
= …....23.4°C...............

	
	

	time, s
	V H2, mL
	

	 10
	 9
	

	 20
	 17
	

	 30
	 24
	

	 40
	 30
	

	 50
	 36
	

	 60
	 40
	

	 70
	 45
	

	 80
	 49
	

	 90
	 52
	

	 100
	 55
	

	 110
	 57
	

	 120
	 59
	

	 130
	 61
	

	 140
	 62
	

	 150
	 62
	

	 160
	 62
	

	 170
	 62
	



	Mg turnings
	rate

	mass 
	moles
	average
	instantaneous at t = 0s

	

0.0721g
	 0.00297mol
	 62/140
= 0.443cm^3/s
	 9/10 = 0.9 cm^3/s

	
	
	
	
	

	
	
	
	
	






Figure 3 – Graph from 3rd Experiment
By looking at the results and the graph comparing the results to the T1 in the last experiment as they had the most similar temperature the turnings showed a slightly faster rate of reaction than the ribbon but there wasn’t a huge difference. The reason that the Mg turnings have a faster rate of reaction is due to the greater surface area of the turnings that is exposed to the HCl compared to the ribbon. According to collision theory, a greater surface area allows more particles to collide with the Mg at the same time which increases the number of successful collisions therefore increasing the rate of reaction. As the difference in the rate of reaction is not massive, this could be caused by some of the turnings not being able to react with the HCl due to sticking to the side of the test tube on entry or it could have been caused by human error in inaccurate measurements and timing which makes the results less reliable. 
Recommendations for Future Experiments 
For future experiments repeating each experiment would be recommended as this will increase the likelihood of reliable and accurate results. In addition, when using the timing device some sort of alarm or sound could be introduced at each measurement time to let the experimenter know when the next measurement must be taken to minimize looking at the timer and measuring gauge at the same time. 
Conclusion
In conclusion this lab report successfully showed how concentration, temperature and surface area each affect the rate of reaction between HCl and Mg measured by the volume of hydrogen gas evolution. In the first experiment of increasing the concentration of HCl proved successful as when the concentration was increased the rate of reaction was increased therefore supporting the hypothesis that was expected. In the second experiment of increasing temperature of HCl a minor error occurred somewhere throughout the experiment as the hypothesis was not supported by the results since T1 had a slightly faster reaction rate compared to T3 which should not have been the case since T1 was 10 degrees colder. The final experiment proved successful as the Mg turnings had a quicker rate of reaction than the Mg ribbon which backs up the hypothesis that due to a larger surface area the rate of reaction will increase. To sum up, out of the three experiments, two of them proved successful as the results backed up each hypothesis.
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Appendix
Chemicals and Equipment
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
Equipment
· Long test tube with arm
· Gas syringe*
· 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


Apparatus
[image: A ruler with text and letters

AI-generated content may be incorrect.]Keep the aparatus on the same level and the syringe perpendicular


Procedure
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. 
1. Pour the HCl solution with the lowest concentration into the test tube with arm. 
1. When ready, add a 4 cm strip of magnesium ribbon to the test tube, quickly put the bung back, and start the stopwatch.
1. For 1 M HCl use the Mg ribbon from the premeasured vial. This set of data will be needed for Part 3. 
1. Record the volume of hydrogen gas given off at suitable intervals (e.g. 10 seconds). Continue timing until no more gas is given off. 
1. After the reaction is completed, discard the reaction mixture in the waste beaker.
1. Measure the temperature of 1.0 M HCl. It will be needed for Part 2. 
1. 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) 
1. Instantaneous rate of reaction at t = 0.

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. 
1. Pipette 20 mL of 1.0 M stock solution into three test tubes. 
1. 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. 
1. 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.
1. Continue timing until no more gas is given off. 
1. After the reaction is completed, discard the reaction mixture in the waste beaker.
1. 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) 
1. Instantaneous rate of reaction at t = 0.

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. 
1. Quickly add the Mg turnings into the test tube, put the bung back, and start the stopwatch.
1. Continue timing until no more gas is given off. 
1. 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). 
1. Instantaneous rate of reaction at t = 0.  [1]

Effect of Concentration of HCL on Speedf of H2 Gas Evolution
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Effect of Temperature on Speed of H2 Gas Evolution
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Effect of the Surface Area of Mg on speed of H2 Gas Evolution
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