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Introduction:
Purpose: To analyse concentration, temperature and surface area revealing their unique impacts on reaction rates. Concentration affects collision frequency, temperature influences molecular energy, and surface area enhances reactant exposure. These factors collectively govern reaction kinetics, offering crucial insights for refining chemical processes and their applications.
Hypothesis: To expect that increasing HCl concentrations, temperature, and Magnesium (Mg) surface area will positively impact the rate of hydrogen gas (H₂) evolution. This stems from the anticipated rise in collision frequency and energy, leading to a faster reaction.
Variables:  
· Dependant Variable: 
· Volume of hydrogen gas (H₂) evolved over time.
· Independent Variable: 
· Surface area of magnesium (Mg).
· Concentration of hydrochloric acid (HCl).
· Temperature of reaction mixture.
· Controlled Variable:
· Mass and length of Mg in each reaction.
· Volume of HCl in each reaction.
· Condition of the reactions.
· Equipment staying the same throughout experiment.
Equations:
· Rate of Reaction =  / t
· Average Rate of Reaction =  / t2 – t1
· Instantaneous Rate of Reaction =  / t






Results:
Moles of reactants:
	Mg
	2 M HCL

	mass 
	moles
	volume
	moles

	 0.082g
	0.082/24.305 = 0.003374 Mol 
	 2M
	0.04 Mol/HL

	
	
	 1.5M
	0.03 Mol/HL

	
	
	 1M
	0.02 Mol/HL

	
	
	 5M
	0.01 Mol/HL



I. Effect of concentration of HCl on speed of H2 gas evolution:
	0.5 M HCL
	
	1.0 M HCl
	
	1.5 M HCl
	
	2.0 M HCl

	
	
	T 1 =      27C
	
	
	
	

	time, s
	V H2, mL
	
	time, s
	V H2, mL
	
	time, s
	V H2, mL
	
	time, s
	V H2, mL

	 10
	 2
	
	 10
	 18
	
	 10
	 20
	
	 10
	 38

	 20
	 4
	
	 20
	 30
	
	 20
	 38
	
	 20
	 56

	 30
	 5
	
	 30
	 36
	
	 30
	 46
	
	 30
	 66

	 40
	 7
	
	 40
	 45
	
	 40
	 56
	
	 40
	 70

	 50
	 9.5
	
	 50
	 52
	
	 50
	 62
	
	 50
	 75

	 60
	 11
	
	 60
	 56
	
	 60
	 65
	
	 60
	 78

	 70
	 12.5
	
	 70
	 66
	
	 70
	 69
	
	 70
	 84

	 80
	 14
	
	 80
	 68
	
	 80
	 74
	
	 80
	 84

	 90
	 15.5
	
	 90
	 72
	
	 90
	 75
	
	 90
	 84.5

	 100
	 17
	
	 100
	 73
	
	 100
	 78
	
	 100
	 85

	 110
	 19
	
	 110
	 75
	
	 110
	 82
	
	 110
	 85

	 120
	 19.5
	
	 120
	 76
	
	 120
	 86
	
	 120
	 85

	 130
	 21
	
	 130
	 77
	
	 130
	 86
	
	 130
	 85

	 140
	 22.5
	
	 140
	 77.5
	
	 140
	 86
	
	 140
	 85

	 150
	 24
	
	 150
	 78
	
	 150
	 86
	
	 150
	 85

	 160
	 25
	
	 160
	 79
	
	 160
	 86
	
	 160
	 85

	 170
	 26.5
	
	 170
	 80
	
	 170
	 86
	
	 170
	 85



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

	
	
	
	t = 10 seconds

	0.5 M
	 210 seconds.
	 0.00337/210 = 0.0000160 mol/s
	4-2/10 = 0.2 mL/s

	1.0 M
	 180 seconds.
	 0.00337/180 = 0.0000187 mol/s
	30-18/10 = 1.2mL/s

	1.5 M
	 140 seconds
	 0.00337/140 = 0.0000241 mol/s
	38-20/10 = 1.8mL/s

	2.0 M 
	 120 seconds
	 0.00337/120 = 0.0000281 mol/s
	56-38/10 = 1.8mL/s
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II. Effect of temperature on speed of H2 gas evolution
	T 2 = 45
	
	T 3 = 55
	

	
	
	
	

	time, s
	V H2, mL
	
	time, s
	V H2, mL
	

	 10
	 22
	
	 10
	 22
	

	 20
	 33
	
	 20
	 30
	

	 30
	 38
	
	 30
	 37
	

	 40
	 45
	
	 40
	 43
	

	 50
	 51
	
	 50
	 47
	

	 60
	 56
	
	 60
	 53
	

	 70
	 60
	
	 70
	 57
	

	 80
	 65
	
	 80
	 60
	

	 90
	 67
	
	 90
	 63
	

	 100
	 70
	
	 100
	 65
	

	 110
	 72
	
	 110
	 66
	

	 120
	 74
	
	 120
	 67
	

	 130
	 75
	
	 130
	 68
	

	 140
	 77
	
	 140
	 70
	

	 150
	 78
	
	 150
	 71
	

	 160
	 80
	
	 160
	 72
	

	 170
	 81
	
	 170
	 75
	




	temperature
	time to dissolve Mg
	average rate of reaction
	instantaneous rate at 

	
	
	
	t = 10

	27
	 180 seconds
	0.00337/180 = 0.0000187mol/s
	30-18/10 = 1.2mL/s 

	45
	 170 seconds
	0.00337/170 = 0.0000198mol/s
	33-22/10 = 1.1 mL/s 

	55
	 190 seconds
	 0.00337/190 = 0.0000177mol/s
	30-22/10 = 0.8 mL/s
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III. Effect of the surface area of Mg on speed of H2 gas evolution
	T 1 =    27C

	
	

	time, s
	V H2, mL
	

	 10
	 10
	

	 20
	 18
	

	 30
	 23
	

	 40
	 28
	

	 50
	 33
	

	 60
	 36
	

	 70
	 40
	

	 80
	 43
	

	 90
	 46
	

	 100
	 50
	

	 110
	 52
	

	 120
	 54
	

	 130
	 56
	

	 140
	 58
	

	 150
	 59
	

	 160
	 60
	

	 170
	 61
	



	Mg turnings
	rate

	mass 
	moles
	average
	instantaneous  at t = 

	 0.082g
	 0.003374 Mol 
	 50/100 = 0.5 mol/s
	 28/40 = 0.7 mL/s
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Discussion:
(a) I. Effect of concentration of HCl on speed of H2 gas evolution:
This shows increasing the concentration of HCl significantly boosts the rate of hydrogen gas. For example, at 10 seconds, 0.5 M HCl produces 2 mL of hydrogen gas, whereas 2.0 M HCl produces 38 mL. This means the  pattern holds consistently across all time intervals, meaning that higher HCl concentrations enhances the reaction rate.
Significance: “increasing the concentration of HCl increases the number of acid particles in the same volume of liquid”[1] this supports that the higher HCl concentrations that is provided the more H⁺ ions react with magnesium, leading to more frequent collisions and results in a faster reaction rate. Which means as more HCl molecules break apart, more H⁺ ions collide magnesium, increasing the speed of the reaction.

II. Effect of temperature on speed of H2 gas evolution
The results show that increasing the temperature generally raises the rate of hydrogen gas evolution. The reaction is fastest at 45°C, compared to 27°C and 55°C, with a notable decrease in rate at 55°C. “Hydrogen increases in temperature as it expands through the throttle due to its unique negative Joule-Thomson coefficient”[2], which means the higher the temperature the more hydrogen is released, however this is not the case in the results shown, as one or more factors may have been corrupt.
Significance: Higher temperatures typically increase the kinetic energy of molecules, resulting in more frequent and energetic collisions. However, the observed decrease at 55°C suggests an optimal temperature range for this reaction, beyond which the rate may not increase linearly due to factors such as reactant denaturation or other limiting effects. 

III. Effect of the surface area of Mg on speed of H2 gas evolution
Comparing magnesium turnings to magnesium ribbon shows that an increased surface area leads to a faster reaction rate. Magnesium turnings, with their greater surface area, produce hydrogen gas more rapidly than magnesium ribbon.
Significance: “if surface area of a reactant is increased: more particles are exposed to other reactants, there is a greater chance of particles colliding”[3], which supports that a larger surface area allows more H⁺ ions to at the same time react with magnesium, increasing the hydrogen gas production rate. This supports the idea that reaction rates can be enhanced by increasing the surface area of a solid reactant, as more reactant particles are exposed to the other reactant, giving room for more collisions, resulting in speeding up the reaction.
(b) “The transition from combustion to explosion is caused by an acceleration of the reaction, induced either by a rise in temperature or by increasing lengths of the reaction chain”[4]. This means when temperature increases and longer reaction chains speed up reactions, it is crucial for understanding and controlling explosive rates. Which gives us the understanding effects of concentration, temperature, and surface area on reaction rates helps optimise explosive formulations and timing. This knowledge enables the design of explosives with precise performance characteristics, reduces the risk of accidental detonation, and ensures predictable behaviour under different settings and conditions, therefore enhancing the reliability and safety of munitions.

(c) Possible inaccuracies may arise in timing reactions and monitoring temperatures. Variations in equipment calibration and environmental conditions could also influence outcomes. “The incorrect method of using the instrument in a lab experiment”[5],The error in which had affected the observed experimental results was human errors in inconsistencies, however they are also possible to occur in chemical handling and experimental procedures. Impurities in reactants or incomplete mixing could further compromise data reliability. To address these constraints, extreme care must be taken into the experimental design, variable control, and conducting repeated trials to enhance precision and ensure the validity of results.

Conclusion:
This study highlights how altering HCl concentration, temperature, and magnesium surface area accelerates hydrogen gas evolution rates. These insights are crucial for refining chemical processes and optimising explosive formulations, ensuring improved safety and predictability in different applications.
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Appendix: 
Materials and Methods:

Materials used:
· Test tube.
· Arm.
· Gas syringe.
· Rubber bung.
· Delivery tube.
· 2 Large beakers.
· Pipette.
· Pipette filler.
· 2 Clamp stands.
· Test tube holder.
· Thermometer.
· Tripod stand.
· Bunsen burner.	
· Stopwatch.
· Graph paper.

Chemicals used:
· Magnesium ribbon (4cm length).
· Magnesium turnings.
· Hydrochloric acid (2M & 1M).
· De-ionised water.





Method:
I. Effect of concentration of HCl on speed of H2 gas evolution:
1. Prepare four solutions of HCl, each with a volume of 20.0 mL and concentrations ranging from 2.0 M to 0.5 M. Use a pipette to measure appropriate volumes of the 2.0 M HCl solution and DI water.
2.  Introduce the HCl solution with the lowest concentration into the test tube equipped with the arm.
3. Swiftly insert a 4 cm magnesium ribbon into the test tube, replace the bung, and commence timing with the stopwatch.
4. Document the volume of hydrogen gas produced at regular intervals (every 10 seconds) until gas evolution ceases.
5. Dispose of the reaction mixture in the waste beaker upon completion of the reaction.
6. Measure the temperature of the 1.0 M HCl solution.
7. Repeat the experiment for the remaining three HCl concentrations.
Plot a graph of VH2 vs t to illustrate the variation in H₂ gas volume over time for each HCl concentration. Determine the following for each concentration:
1. Average reaction rate (between t = 0s and t = t1; maintaining the same t1 for all concentrations).
2. Instantaneous reaction rate at t = 0.
II. Effect of temperature on speed of H2 gas evolution
1. Begin by setting up a water bath. Fill a large beaker with water and heat it using a Bunsen burner until the temperature rises by approximately 10°C compared to the initial temperature of the 1 M HCl solution measured earlier.
2. Use a pipette to transfer 20 mL of the 1.0 M solution into three separate test tubes.
3. Submerge the first test tube, containing 1.0 M HCl, into the water bath. Allow it to sit until the acid temperature matches that of the water.
4. Swiftly transfer the warmed HCl into the test tube with the arm, insert a 4 cm magnesium ribbon, replace the bung, and commence timing with the stopwatch.
5. Record the gas evolution until no further gas is produced.
6. Upon completion, properly dispose of the reaction mixture.
7. Repeat the experiment for two additional temperatures, ideally differing by 10°C.
Use provided graph paper to plot VH2 vs t, illustrating changes in H2 gas volume over time for each temperature. For each HCl concentration:
1. The average reaction rate between t = 0s and t = t1, maintaining consistent t1 values across all concentrations.
2. The instantaneous reaction rate at t = 0.
III. 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.
2. Swiftly introduce the Mg turnings into the test tube, seal it, and commence the stopwatch.
3. Continue timing until gas production halts.
4. Once the reaction concludes, discard the mixture into the waste beaker.
Create a graph (VH2 vs t) depicting the variation in H2 gas volume over time for each temperature. Then, ascertain:
1. The average reaction rate between t = 0s and t = t1, maintaining consistent t1 values across all concentrations.
2. The instantaneous reaction rate at t = 0.
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