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This experiment aims to investigate how the concentration of hydrochloric acid, the temperature of the reaction mixture, and the surface area f magnesium metal influence the rate of a chemical reaction. By observing the rate of hydrogen gas evolution during the reaction between hydrochloric acid (HCl) and magnesium (Mg), students gain essential insight into chemical kinetics. This is applied in OME, where precise control of reaction rates is critical for safety and functionality.
Reaction Kinetics studies the speed at which chemical processes occur. It is the rate of change in the concentration of reactants or products over time. The reaction between magnesium and hydrochloric acid is an ideal model system to study the influence of key variables on reaction rate:
Mg(s) + 2HCl(aq) → MgCl2(aq) + H2(g)
The three factors that were examined within this experiment is:
1. Concentration of HCl: A higher concentration increases the frequency of molecular collisions, thereby increasing the rate of hydrogen gas production [1].
2. Temperature of the solution: Raising temperature improves the kinetic energy of reactant particles, increasing both collision frequency and energy [2].
3. Surface area of magnesium: Finer particles offer a larger surface area for reaction, resulting in a faster rate [3].
The rate of reaction is determined using this equation below:
    [cm3/s]
The measurements of the volume of H2 gas evolved are used to calculate both the instantaneous rate (at t=0) and the average rate (over a defined time interval).
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To understand and control the chemical reaction rates is vital in the field of OME. The three variables investigated; concentration, temperature, and surface area; are relevant to how energetic materials behave:
· Concentration: In explosives and propellants, the concentration of oxidisers and fuels determined the speed and intensity of a detonation or burn. Higher concentrations can result in more rapid and violent energy release [4].
· Temperature: Many explosives are thermally sensitive. Small increases of temperature can lead to ignition, detonation – which can pose a safety hazard [5].
· Surface area: Powdered materials that can be found in pyrotechnics and propellants, react faster than bulk solids due to increased surface contact with oxidisers [6].
This experiment models these principles in a safe and controlled environment, reinforcing why precise control over these factors is essential with relevance to OME.
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Part 1: Concentration of HCl on speed of H2 gas evolution:
	0.5M HCl

	Time, s 
	V H2, ml 
	Time, s 
	V H2, ml 
	Time, s 
	V H2, ml 
	Time, s 
	V H2, ml 

	0
	0
	220
	26
	440
	42
	660
	45

	10
	1
	230
	27
	450
	42
	670
	45

	20
	1
	240
	28
	460
	43
	680
	45

	30
	2
	250
	29
	470
	43
	690
	45

	40
	4
	260
	30
	480
	43
	700
	45

	50
	6
	270
	30
	490
	44
	710
	45

	60
	7
	280
	31
	500
	44
	720
	45

	70
	8
	290
	32
	510
	44
	730
	45

	80
	11
	300
	33
	520
	44
	740
	45

	90
	13
	310
	33
	530
	44
	750
	46

	100
	14
	320
	33
	540
	44
	760
	46

	110
	14
	330
	34
	550
	44
	770
	46

	120
	15
	340
	34
	560
	44
	780
	46

	130
	16
	350
	35
	570
	45
	790
	46

	140
	17
	360
	36
	580
	45
	800
	46

	150
	18
	370
	37
	590
	45
	810
	46

	160
	20
	380
	38
	600
	45
	820
	46

	170
	20
	390
	38
	610
	45
	830
	46

	180
	22
	400
	39
	620
	45
	840
	46

	190
	24
	410
	41
	630
	45
	850
	46

	200
	24
	420
	41
	640
	45
	860
	46

	210
	26
	430
	41
	650
	45
	



	1.0M HCl
	
	1.5M HCl
	
	2.0M HCl

	Time, s 
	V H2, ml 
	
	Time, s 
	V H2, ml 
	
	Time, s 
	V H2, ml 

	0
	0
	
	0
	0
	
	0
	0

	10
	15
	
	10
	23
	
	10
	38

	20
	25
	
	20
	40
	
	20
	49

	30
	30
	
	30
	49
	
	30
	60

	40
	40
	
	40
	55
	
	40
	65

	50
	47
	
	50
	58
	
	50
	70

	60
	50
	
	60
	61
	
	60
	71

	70
	55
	
	70
	63
	
	70
	72

	80
	60
	
	80
	65
	
	80
	72

	90
	62
	
	90
	66
	
	90
	72

	100
	63
	
	100
	67
	
	
	

	110
	64
	
	110
	68
	
	
	

	120
	64
	
	120
	68
	
	
	

	130
	64
	
	
	
	
	
	



	[HCl]
	time to dissolve Mg (s)
	average rate
	instantaneous rate at 

	
	
	
	t = 0 s

	0.5 M
	 860
	 0.05
	 0.06

	1.0 M
	 130
	 0.49
	 1.0

	1.5 M
	 120
	 0.57
	 1.64

	2.0 M 
	 90
	 0.8
	 1.91





Part 2: Effect of temperature on speed of H2 gas evolution:
	T2 = 24.1 °C
	
	T3 = 38.2°C
	
	T4 = 48.1°C
	

	Time, s 
	V H2, ml 
	
	Time, s 
	V H2, ml 
	
	Time, s 
	V H2, ml 
	

	0
	0
	
	0
	0
	
	0
	0
	

	10
	15
	
	10
	18
	
	10
	20
	

	20
	25
	
	20
	29
	
	20
	30
	

	30
	30
	
	30
	37
	
	30
	37
	

	40
	40
	
	40
	43
	
	40
	42
	

	50
	47
	
	50
	49
	
	50
	47
	

	60
	50
	
	60
	52
	
	60
	51
	

	70
	55
	
	70
	56
	
	70
	53
	

	80
	60
	
	80
	59
	
	80
	54
	

	90
	62
	
	90
	60
	
	90
	54
	

	100
	63
	
	100
	61
	
	100
	44
	

	110
	64
	
	110
	62
	
	110
	55
	

	120
	64
	
	120
	62
	
	120
	55
	

	130
	64
	
	130
	63
	
	130
	56
	

	
	
	
	140
	63
	
	140
	57
	

	
	
	
	150
	63
	
	150
	57
	

	
	
	
	160
	63
	
	160
	58
	

	
	
	
	170
	64
	
	170
	59
	

	
	
	
	
	
	
	180
	60
	

	
	
	
	
	
	
	190
	61
	

	
	
	
	
	
	
	200
	62
	

	
	
	
	
	
	
	210
	62
	

	
	
	
	
	
	
	220
	62
	

	
	
	
	
	
	
	230
	63
	

	
	
	
	
	
	
	240
	64
	

	
	
	
	
	
	
	250
	64
	



	temperature
	time to dissolve Mg
	average rate
	instantaneous rate at 

	
	
	
	t = 0 s

	T 2
	 130
	 0.49
	 1.0

	T 3
	 170
	 0.37
	 1.0

	T 4
	 250
	 0.26
	 1.21





Part 3: Effect of the surface area of Mg on speed of H2 gas evolution:

	T1 = 46.6

	Time, s 
	V H2, ml 

	0
	7

	10
	14

	20
	17

	30
	19

	40
	23

	50
	25

	60
	31

	70
	35

	80
	38

	90
	41

	100
	41.5

	110
	42

	120
	42

	130
	42



	Mg turnings
	rate

	mass 
	moles
	average
	instantaneous  at t = 0s

	0.03
	0.00123
	0.32
	0.7
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Part 1: Concentration of HCl on speed of H2 gas evolution:
Increasing HCl concentration from 0.5M to 2.0M should increase the rate of hydrogen gas evolution. This is due to a high number of H+ ions available to collide with magnesium atoms. This increase the frequency of successful collisions [1].
Part 2: Effect of temperature on speed of H2 gas evolution:
Increasing the temperature from 24.1°C to 48.1°C should increase the rate of reaction, though the average rate shows some inconsistencies. This could be from the delay in transferring the heated solution, which causes temperature loss and affected consistency.
Part 3: Effect of the surface area of Mg on speed of H2 gas evolution:
The effect of surface area on reaction rate was assessed by comparing the reaction of 1.0M HCL with Magnesium turnings. The magnesium turnings produced a faster initial reaction rate when compared to the magnesium ribbon.
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The experiment has shown many inconsistencies. This limits the quantitative reliability of the results. Future experiments would benefit from automated data collection systems to reduce human error and increase measurement precision.
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