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[bookmark: _Hlk196902906][bookmark: _Hlk196825970]Table 1 Volume production of Hydrogen when 0.5M HCl reacts with Mg
	[bookmark: _Hlk196902859]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
	
	



Table 2 Volume production of Hydrogen when 1.0M HCl reacts with Mg
	1.0M HCl

	Time, s 
	V H2, ml 

	0
	0

	10
	15

	20
	25

	30
	30

	40
	40

	50
	47

	60
	50

	70
	55

	80
	60

	90
	62

	100
	63

	110
	64

	120
	64

	130
	64



Table 3 Volume production of Hydrogen when 1.5M HCl reacts with Mg
	1.5M HCl

	Time, s 
	V H2, ml 

	0
	0

	10
	23

	20
	40

	30
	49

	40
	55

	50
	58

	60
	61

	70
	63

	80
	65

	90
	66

	100
	67

	110
	68

	120
	68



Table 4 Volume production of Hydrogen when 2.0M HCl reacts with Mg
	2.0M HCl

	Time, s 
	V H2, ml 

	0
	0

	10
	38

	20
	49

	30
	60

	40
	65

	50
	70

	60
	71

	70
	72

	80
	72

	90
	72



[bookmark: _Hlk196912774]Table 5 Rate of Reaction between HCl and Mg at different concentrations of HCl 
	Comparison of Rate of Reaction 

	HCl concentration
	V H2 ml, at T = 90 
	Rate (cm3/s) 

	0.5M
	13
	0.14

	1.0M
	62
	0.69

	1.5M
	66
	0.73

	2.0M
	72
	0.80



[bookmark: _Hlk196910337][bookmark: _Hlk196825871]Table 6 Volume production of Hydrogen when in reaction at 24.1°C
	T2 = 24.1 

	Time, s 
	V H2, ml 

	0
	0

	10
	15

	20
	25

	30
	30

	40
	40

	50
	47

	60
	50

	70
	55

	80
	60

	90
	62

	100
	63

	110
	64

	120
	64

	130
	64



Table 7 Volume production of Hydrogen when in reaction at 38.2°C
	T3 = 38.2

	Time, s 
	V H2, ml 

	0
	0

	10
	18

	20
	29

	30
	37

	40
	43

	50
	49

	60
	52

	70
	56

	80
	59

	90
	60

	100
	61

	110
	62

	120
	62

	130
	63

	140
	63

	150
	63

	160
	63

	170
	64



[bookmark: _Hlk196906580]Table 8 Volume production of Hydrogen when in reaction at 48.1°C
	T4 = 48.1

	Time, s 
	V H2, ml 

	0
	0

	10
	20

	20
	30

	30
	37

	40
	42

	50
	47

	60
	51

	70
	53

	80
	54

	90
	54

	100
	44

	110
	55

	120
	55

	130
	56

	140
	57

	150
	57

	160
	58

	170
	59

	180
	60

	190
	61

	200
	62

	210
	62

	220
	62

	230
	63

	240
	64

	250
	64



[bookmark: _Hlk196910994]Table 9 Comparison of hydrogen production in relation to surface area variance of Mg in reaction to HCl
	Comparison of Rate of Reaction 

	Temperature of HCl (°C)
	V H2 ml, at T = 90 
	Rate 

	24.1
	62
	0.69

	38.2
	60
	0.67

	48.1
	54
	0.60



[bookmark: _Hlk196913044]Table 10 Volume production of Hydrogen when in reaction with Magnesium 
	Magnesium Powder 
	Magnesium Ribbon 

	T1 = 48.1
	T4 = 48.1

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

	0
	7
	0
	0

	10
	14
	10
	20

	20
	17
	20
	30

	30
	19
	30
	37

	40
	23
	40
	42

	50
	25
	50
	47

	60
	31
	60
	51

	70
	35
	70
	53

	80
	38
	80
	54

	90
	41
	90
	54

	100
	41.5
	100
	54

	110
	42
	110
	55

	120
	42
	120
	55

	130
	42
	130
	56



Table 11 Rate of Reaction between HCl and Mg at different surface areas of Mg  
	Comparison of Rate of Reaction 

	Type 
	V H2 ml, at T = 90 
	Rate 

	Ribbon
	54
	0.60

	Powder
	38
	0.42
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[bookmark: _Toc194933308]1. Introduction, Initial Hypothesis and Variables
[bookmark: _Toc194933309]1.1 Introduction
The aim of this practical is to determine the effect of concentration, temperature and surface area on the rate of reaction. Rate of reaction experimentation is needed in order to predict, control and understand chemical reactions, measing the time taken for the reactants to be transformed into products during the chemical reaction. This is completed using the changing of HCl concentration, temperature and finally the surface area of Mg. 
[bookmark: _Toc194933310]1.2 Initial hypothesis 
During the first procedure, the concentration of HCl will be adjusted in standard increments. As HCl concentration increases, it means the number of Hydrogen ions increase, which, according to collision theory [1], increases the probability of collisions and therefore successful collisions. Secondly as there a more hydrogen ions to magnesium ratio, more magnesium can react simultaneously. Therefore, it is a reasonable hypothesis to see a faster rate of reaction as concentration of HCl increases. 
During the second procedure, the measurement of the effect of temperature on the speed of hydrogen gas production is measured. As temperature increases, the kinetic energy between the molecules increases, causing more movement and therefore more collisions increasing the statistical chance of successful collisions. Therefore, it is hypothesised that as temperature increases, rate of reaction will increase proportionally. 
[bookmark: _Toc194933311]The third procedure is the measurement of the effect of surface area of the magnesium. Increasing the exposure of the magnesium to the hydrogen ions increases the statistical chance of a successful reaction. This should be demonstrated in the form of a rate of reaction increase as surface area increases. 
1.3 Variables 
The control variable during the primary procedure will be the magnesium size and shaped used as well as the temperature this occurs at as the sample size should have the same mass and surface area to expose the HCl to the same quantity of magnesium during each concentration as well as kinetic energy. The second procedure will have the dependant variable of the HCl concentration and the size and shape of the magnesium sample, so the hydrogen ions are in the same quantity with the same exposure to the magnesium during each temperature change. The third procedure will have concentration and temperature of HCl as a control variable, ensuring the only contributing factor to the change of rate is the surface area. 
The dependant variable will be the time taken and the volume of hydrogen gas produced during the chemical reason. This will start at 0 and finish when the reaction is complete. 
The independent variables will be the HCl concertation, the temperature of the HCl and finally the surface area of the magnesium. These variables will be altered starting at the lowest value and increasing in magnitude, the dependant variables will then be measured and calculated however, these independent variables will become control variables depending on the procedure. 
[bookmark: _Toc194933312]2. Results 
[bookmark: _Toc194933313]2.1 Data collection and relevant calculations 
The Primary Procedure Results: 
[bookmark: _Hlk196902998][bookmark: _Hlk196910143]Shown in table 1 and figure 1, the reaction between 0.5M HCl and Mg took the greatest amount of time. 
Table 1 Volume production of Hydrogen when in reaction with 0.5M HCl
	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
	
	



Figure 1 Volume production of Hydrogen when in reaction with 0.5M HCl

Shown in table 2 and figure 2, the reaction between 1.0M HCl and Mg took the less amount of time than 0.5M HCl to react. 
Table 2 Volume production of Hydrogen when in reaction with 1.0M HCl
	1.0M HCl

	Time, s 
	V H2, ml 

	0
	0

	10
	15

	20
	25

	30
	30

	40
	40

	50
	47

	60
	50

	70
	55

	80
	60

	90
	62

	100
	63

	110
	64

	120
	64

	130
	64



Figure 2 Volume production of Hydrogen when in reaction with 1.0M HCl

Shown in table 3 and figure 3, the reaction between 1.5M HCl and Mg took the less amount of time than 0.5M HCl and 1.0M HCl to react. 
Table 3 Volume production of Hydrogen when in reaction with 1.5M HCl
	1.5M HCl

	Time, s 
	V H2, ml 

	0
	0

	10
	23

	20
	40

	30
	49

	40
	55

	50
	58

	60
	61

	70
	63

	80
	65

	90
	66

	100
	67

	110
	68

	120
	68



Figure 3 Volume production of Hydrogen when in reaction with 1.5M HCl

Shown in table 4 and figure 4, the reaction between 2.0M HCl and Mg took the less amount of time than 0.5M HCl, 1.0M HCl and 1.5M HCl to react. 
Table 4 Volume production of Hydrogen when in reaction with 2.0M HCl
	2.0M HCl

	Time, s 
	V H2, ml 

	0
	0

	10
	38

	20
	49

	30
	60

	40
	65

	50
	70

	60
	71

	70
	72

	80
	72

	90
	72



Figure 4 Volume production of Hydrogen when in reaction with 2.0M HCl

Shown in table 5, these results allowed calculation of rates of reaction where T = 0 and T1 = 90 (seconds) using Rate = ΔVH2 / ΔT. 
Table 5 Rate of Reaction between HCl and Mg at different concentrations of HCl 
	Comparison of Rate of Reaction 

	HCl concentration
	V H2 ml, at T = 90 
	Rate (cm3/s) 

	0.5M
	13
	0.14

	1.0M
	62
	0.69

	1.5M
	66
	0.73

	2.0M
	72
	0.80


 
These values were calculated as shown below:
Rate = ΔVH2 / ΔT.
At 0.5M HCl = (13 – 0)cm3 / (90 – 0)s = 0.14 cm3/s
At 1.0M HCl = (62 – 0)cm3 / (90 – 0)s = 0.69 cm3/s
At 1.5M HCl = (66 – 0)cm3 / (90 – 0)s = 0.73 cm3/s
At 2.0M HCl = (72 – 0)cm3 / (90 – 0)s = 0.80 cm3/s
Figure 5 shows the clear difference between 1.0M, 1.5M and 2.0M HCl.
Figure 5 Volume production of Hydrogen comparison of 0.5M, 1.0M, 1.5M and 2.0M

As previously expected, as there is a concentration decrease, the volume of gas production over time (rate of reaction decreases) however this does not occur uniformly, shown very clearly as 0.5M HCl has a substantial difference to the other results. 
The Secondary Procedure Results: 
As Shown in Table 6 and Figure 6, the reaction between Mg and HCl took the longest time at the lowest temperature
[bookmark: _Hlk196910345]Table 6 Volume production of Hydrogen when in reaction at 24.1°C
	T2 = 24.1 

	Time, s 
	V H2, ml 

	0
	0

	10
	15

	20
	25

	30
	30

	40
	40

	50
	47

	60
	50

	70
	55

	80
	60

	90
	62

	100
	63

	110
	64

	120
	64

	130
	64



Figure 6 Volume production of Hydrogen when in reaction at 24.1°C

As Shown in Table 7 and Figure 7, the reaction between Mg and HCl took the less time at the higher temperature.
Table 7 Volume production of Hydrogen when in reaction at 38.2°C
	[bookmark: _Hlk196910614]T3 = 38.2

	Time, s 
	V H2, ml 

	0
	0

	10
	18

	20
	29

	30
	37

	40
	43

	50
	49

	60
	52

	70
	56

	80
	59

	90
	60

	100
	61

	110
	62

	120
	62

	130
	63

	140
	63

	150
	63

	160
	63

	170
	64



Figure 7 Volume production of Hydrogen when in reaction at 38.2°C

As Shown in Table 8 and Figure 8, the reaction between Mg and HCl took the shortest time at the highest temperature.
Table 8 Volume production of Hydrogen when in reaction at 48.1°C
	T4 = 48.1

	Time, s 
	V H2, ml 

	0
	0

	10
	20

	20
	30

	30
	37

	40
	42

	50
	47

	60
	51

	70
	53

	80
	54

	90
	54

	100
	54

	110
	55

	120
	55

	130
	56

	140
	57

	150
	57

	160
	58

	170
	59

	180
	60

	190
	61

	200
	62

	210
	62

	220
	62

	230
	63

	240
	64

	250
	64



[bookmark: _Hlk196910631]Figure 8 Volume production of Hydrogen when in reaction at 48.1°C
[bookmark: _Toc194933314]
As Shown in Table 9, we can compare the rate of the reaction however, due to the temperature changes being ununiform, a combative table would not be appropriate.
 Table 9 Rate of Reaction Comparison of HCl and Mg when HCl is at varying temperatures
	Comparison of Rate of Reaction 

	Temperature of HCl (°C)
	V H2 ml, at T = 90 
	Rate cm3/s  

	24.1
	62
	0.69

	38.2
	60
	0.67

	48.1
	54
	0.60



These values were calculated as shown below:
Rate = ΔVH2 / ΔT.
At 24.1°C HCl = (62 – 0)cm3 / (90 – 0)s =  0.69cm3/s
At 38.2°C HCl = (60 – 0)cm3 / (90 – 0)s =  0.67cm3/s
At 48.1°C HCl = (54 – 0)cm3 / (90 – 0)s =  0.60cm3/s
[bookmark: _Hlk197613842]Unexpectedly, as there is a temperature increase, the volume of gas production over time (rate of reaction) decreases. 
Tertiary Procedure results 
Unfortunately, due to time constraints the third procedure couldn’t be completed however the results below were gathered by a different group during the same laboratory practical with the same laboratory setting. 
As Shown in Figure 10 and Table 10 and 11, greater volume production occurred at a lower surface area. 
	Magnesium Powder 
	Magnesium Ribbon 

	T1 = 48.1
	T4 = 48.1

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

	0
	0
	0
	0

	10
	7
	10
	20

	20
	14
	20
	30

	30
	17
	30
	37

	40
	19
	40
	42

	50
	23
	50
	47

	60
	25
	60
	51

	70
	31
	70
	53

	80
	35
	80
	54

	90
	38
	90
	54

	100
	41
	100
	54

	110
	41.5
	110
	55

	120
	42
	120
	55

	130
	42
	130
	56


Table 10 Volume production of Hydrogen when in reaction with Magnesium 
	Comparison of Rate of Reaction 

	Type 
	V H2 ml, at T = 90 
	Rate cm3/s

	Ribbon
	54
	0.60

	Powder
	38
	0.42


Table 11 Rate of Reaction between HCl and Mg at different surface areas of Mg  

Figure 9 Comparison of hydrogen production in relation to surface area variance of Mg in reaction to HCl
 Unexpectedly, as there is a surface area increases, the volume of gas production over time (rate of reaction) decreases.
2.2 Data Analysis and key findings 
For the primary procedure, the results were as expected. A distinct increase in rate occurs with a reasonable uniform between 1.0M, 1.5M and 2.0M of HCl. The abnormality of 0.5M, where the rate is significantly lower than expected, can be explained due to the limiting reagent effect [2]. 
For the secondary procedure, the results were unexpected. Instead of seeing an increase in rate, there was a definite and significant decrease in rate of reaction as temperature increases. This mostly likely occurred due to equipment failure as during the practical, the plunger had to be reset several times due to becoming stuck. This would have resulted in a reduced volume production but an increased density occurring in the hydrogen gas.
For the tertiary procedure, an unexpected result was a faster rate at a lower surface area. This can be explained due to procedural error as the surface area and mass of the magnesium powder was below expected, due to clumping and sticking to the test tube which was visually observed. This exposed the magnesium to less HCl, reducing the likelihood of the successful collisions, which produced the hydrogen. 

[bookmark: _Toc194933315]3. Discussion of Experiment   
[bookmark: _Toc194933316][bookmark: _Hlk194917791]3.1 Data and Findings Significance 
The primary procedure, congruent with both the hypothesis, Le Chatelier’s Principal [3] and collision theory [1], shows a inspected increase of rate with an increase of concentration. Le Chatelier’s principal explains the equilibrium of chemical reactions, as the quantity of HCl molecules increase, to ensure equilibrium, more Mg must react to the HCl which forms the hydrogen gas. Collison theory is the statistical likelihood of successful collisions, the greater the quantity of HCl molecules, the greater the likelihood of a collision occurring and successfully reacting, producing the hydrogen gas. 
According to literature [4], the secondary procedure would have shown a uniform increased rate with a uniform temperature difference. This is due to the Arrhenius equation and increased kinetic energy. The Arrhenius equation, k = Ae-(Ea/RT) [5], which explains the positive relationship between temperature and rate of reaction. The kinetic energy, transferred from the thermal energy, in the HCl causes greater movement of molecules, this movement causes a greater chance of the molecules colliding with the Mg. 
The tertiary procedure, according to literature [4], dictates that as surface area increases, due to collision theory, there is a greater exposure of Mg to HCl, giving a greater opportunity for the HCl molecules to collide with the Mg and produce hydrogen gas. This can then be used to provide the rate of reaction. 
[bookmark: _Toc194933317]3.1.1 Concepts, principals, and laws
The first crucial principal is reaction kinetics, involving collision theory and the Arrhenius equation. 
Introduced in 1916 by Max Trautz, [1] Collision Theory is an aspect of Kinetic Molecular Theory, the theory states that for a reaction to occur particles must first collide, these particles must have sufficient energy to overcome the activation energy barrier (the minimum energy required for a reaction to proceed) and finally must be in the correct position relative to the other particles so that the previous bonds can break and new ones form. 
Arrhenius equation, [5] k = Ae-(Ea/RT), can be used to explain temperature dependence of reactions, used to calculate activation energy and determine the frequency of collisions. This equation is further used to explains rate of reactions dependence on temperature. 
Both concepts are relevant to the experimentation relating to the rate of reaction they explain three crucial principals; more frequent and effective collisions increase the rate of reaction, higher temperatures provide more energy to overcome the activation energy barrier and finally the greater the surface area, the greater sized sites for reaction. 
[bookmark: _Toc194933318]3.1.2 Chemical equations and Formula 
Rate of reaction 
2HCl + Mg -> MgCl2 + H2 where Magnesium and Hydrochloric acid react to form magnesium chloride and hydrogen.
[bookmark: _Toc194933319]3.2 Importance of kinetics in OME 
Controlled detonation is an important consideration in explosives. This includes the reaction rate when the material explodes and the how sensitive the material is to explode. Reaction rates allow us differentiation between slow burning propellants and fast detonating explosives, we can incorporate these values into designs and pick the optimum material. Sensitivity not only determined the best way to ignite the material but is also relevant when considering storage and lifecycle. 
Optimisation of design can only be accomplished if the rate of reaction with materials in the form of both how controllable the detonation is and the sensitivity of the explosions is. For example, RDX is used as a primary explosive due to its high sensitivity, therefore it can be designed for an appropriate use for it as a primary explosive and take into consider storage and lifecycle [6]. Propane for example is considered a low-order explosive, therefore it can be incorporated into designs as a propellant rather than a primary.
[bookmark: _Toc194933320]3.3 Error and limitations 
During the first procedure, four test tubes were filled with solutions of HCl all at 20ml however, this was done using the method of mixing 2.0M of HCl with deionised water to achieve the correct concentration. This produced two errors, firstly resolution error where the pipette used has a resolution of 0.1ml meaning a ±0.05ml for each measurement taken. As a 5ml pipette was used, each 20ml sample has a possible error of ±0.2ml. This error not only makes the test unfair due to the quantity of the as the concentrations were formed by the addition of deionised water, causing an error of concentration accuracy as the concentration decreases, the likelihood of the of concentration error increases.
The rate of reaction during the secondary procedure was calculated and measured in the form of volume of hydrogen gas produced, measured in a gas syringe however, due to a friction increase within the tube through liquid contamination, temperature and material degradation, the plunger can become stuck allowing the hydrogen gas to compress, increasing the density rather than the volume. This would have caused inaccurate results. 
Sample contamination, through oxidisation, can occur for the magnesium, coating the material in a black protective layer. This creates errors as even if samples have the same mass, the surface area (the control variable for procedures one and two) is not the same and therefore invalidating the sampled. 
Surface area of magnesium powder can not be insured to have an increased surface area over the ribbon as during the practical, the powder experienced clumping and material becoming stuck within the test tube. Firstly, spheres have an incredibly low to high surface area to volume ratio, so where clumping occurred, the surface area was greatly reduced. Secondly, during the process of pouring the powder into the HCl, hydrogen gas can escape into the environment significantly more than with the ribbon due to time taken. This could be avoided by using a release system for both the powder and ribbon. 
Finally, due to the high quantity of results taken as well as the practical only being compiled a single time, this increases the likelihood of obtaining either an anomalous result, or a large variance due an error which we cannot determine to be an outline. 
[bookmark: _Toc194933321]4. Conclusion 
[bookmark: _Toc194933322]4.1 Summarisation
To conclude, as hypothesised, the rate of reaction is affected by temperature, surface area and concentration. As shown in Figure 4 and Table 4, there is clear however ununiform decrease in time taken for volume of gas production to occur, as concentration of the HCl increases. This was expected due to collision theory, the greater number of molecule present, the greater the likelihood of a collision and successful reaction. As seen in Table 9, a decrease in reaction rate occurs as temperature increases, this was an unexpected result as according to the Arrhenius equation, we should see an increased rate, this was most likely due to equipment failure. When investigating surface area, unfortunately, not equal volumes were able to be measured which altered the accuracy of the results negatively. 
[bookmark: _Toc194933323]4.2 Future research 
Advanced Modelling and Simulations now allow us to measure the rate of reaction outside the laboratory. This means for lower cost, short time frames and the removal of human error; molecular dynamics and explosions dynamics can be simulated, and rates of reactions can be calculated. This provides a significantly decreased human error relevant limitation and allows for a significantly smaller resolution of equipment usage. [7]
[bookmark: _Toc194933324]
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[bookmark: _Toc194933325]6. Appendices 
6.1 Materials and methods 
Substances:
· De-ionised water
· 2.0M HCl 
· Magnesium Ribbons
· Powered Magnesium 
Equipment:
· Test tube for powder storage 
· Armed test tube
· Gas syringe
· Rubber bung and delivery tube
· Pipette and pipette filler
· 2x Clamp stands 
· Test tube clamp 
· Thermometer
· Ring stand 
· Bunsen Burner 
· Stopwatch 
Method:
Procure One:
1. Prepare four different concentrations (0.5M, 1.0M 1.5M ect) of HCl with the same volume in each.
2. [bookmark: _Hlk197619006]Complete for each concentration separately Using the test tube arm, begin with the HCl previously inside, and add the magnesium ribbon to the test tube.
3. Replace the bung and begin the stopwatch, taking regular results of the time and volume production of hydrogen.
4. Continue recording until the reaction is completed and hydrogen gas has finished. 
Procedure Two:
1. Take the initial temperature reading of HCl.
2. Using a water bath, heat up HCl in a test tube 10 ͦC above initial temperature.
3. Complete for each different temperatures increasing by 10 degrees Celsius each time. Using the test tube arm, begin with the HCl previously inside, and add the magnesium ribbon to the test tube.
4. Replace the bung and begin the stopwatch, taking regular results of the time and volume production of hydrogen.
5. Continue recording until the reaction is completed and hydrogen gas production has finished.
Procedure Three:
1. Using the test tube arm, begin with the HCl previously inside, and add the magnesium ribbon to the test tube.
2. Replace the bung and begin the stopwatch, taking regular results of the time and volume production of hydrogen.
3. Continue recording until the reaction is completed and hydrogen gas has finished. 
4. Reset the equipment. 
5. Using the test tube arm, begin with the HCl previously inside, and add the magnesium powder to the test tube.
6. Replace the bung and begin the stopwatch, taking regular results of the time and volume production of hydrogen.
7. Continue recording until the reaction is completed and hydrogen gas has finished. 
6.2 Original Data sheet
[image: ]
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0.5M HCl, Rate of Gas Production

0.5M HCl 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	310	320	330	340	350	360	370	380	390	400	410	420	430	440	450	460	470	480	490	500	510	520	530	540	550	560	570	580	590	600	610	620	630	640	650	660	670	680	690	700	710	720	730	740	750	760	770	780	790	800	810	820	830	840	850	860	0	1	1	2	4	6	7	8	11	13	14	14	15	16	17	18	20	20	22	24	24	26	26	27	28	29	30	30	31	32	33	33	33	34	34	35	36	37	38	38	39	41	41	41	42	42	43	43	43	44	44	44	44	44	44	44	44	45	45	45	45	45	45	45	45	45	45	45	45	45	45	45	45	45	45	46	46	46	46	46	46	46	46	46	46	46	46	Time (s)


Volume of gas Production (cm3)



1.0M HCl, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	0	15	25	30	40	47	50	55	60	62	63	64	64	64	Time (s)


Volume of gas Production (cm3)



1.5M HCl, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	100	110	120	0	23	40	49	55	58	61	63	65	66	67	68	68	Time (s)


Volume of gas Production (cm3)



2.0M HCl, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	0	38	49	60	65	70	71	72	72	72	Time (s)


Volume of gas Production (cm3)



Rate of Gas Production Comparison 

2.0M HCl	0	38	49	60	65	70	71	72	72	72	72	72	72	72	1.5M HCl	0	23	40	49	55	58	61	63	65	66	67	68	68	68	1.0M HCl	0	10	20	30	40	50	60	70	80	90	100	110	120	130	0	15	25	30	40	47	50	55	60	62	63	64	64	64	0.5M HCl 	0	1	1	2	4	6	7	8	11	13	14	14	15	16	Time (s)


Volume of gas Production (cm3)




24.1°C, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	15	25	30	40	47	50	55	60	62	63	64	64	64	64	64	64	64	64	64	64	64	64	64	64	64	Time (s)


Volume of gas Production (cm3)



38.2°C, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	18	29	37	43	49	52	56	59	60	61	62	62	63	63	63	63	64	64	64	64	64	64	64	64	64	Time (s)


Volume of gas Production (cm3)



48.1°C, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	20	30	37	42	47	51	53	54	54	54	55	55	56	57	57	58	59	60	61	62	62	62	63	64	64	Time (s)


Volume of gas Production (cm3)



The effect on hydrogen gas production with ranging surfaces areas for Mg when in reaction to HCl

Mg Powder	0	10	20	30	40	50	60	70	80	90	100	110	120	130	7	14	17	19	23	25	31	35	38	41	41.5	42	42	42	Mg Ribbon	0	10	20	30	40	50	60	70	80	90	100	110	120	130	0	20	30	37	42	47	51	53	54	54	54	55	55	56	Time (s)


Volume of gas Production (cm3)




0.5M HCl, Rate of Gas Production

0.5M HCl 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	260	270	280	290	300	310	320	330	340	350	360	370	380	390	400	410	420	430	440	450	460	470	480	490	500	510	520	530	540	550	560	570	580	590	600	610	620	630	640	650	660	670	680	690	700	710	720	730	740	750	760	770	780	790	800	810	820	830	840	850	860	0	1	1	2	4	6	7	8	11	13	14	14	15	16	17	18	20	20	22	24	24	26	26	27	28	29	30	30	31	32	33	33	33	34	34	35	36	37	38	38	39	41	41	41	42	42	43	43	43	44	44	44	44	44	44	44	44	45	45	45	45	45	45	45	45	45	45	45	45	45	45	45	45	45	45	46	46	46	46	46	46	46	46	46	46	46	46	Time (s)


Volume of gas Production (cm3)



1.0M HCl, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	0	15	25	30	40	47	50	55	60	62	63	64	64	64	Time (s)


Volume of gas Production (cm3)



1.5M HCl, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	100	110	120	0	23	40	49	55	58	61	63	65	66	67	68	68	Time (s)


Volume of gas Production (cm3)



2.0M HCl, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	0	38	49	60	65	70	71	72	72	72	Time (s)


Volume of gas Production (cm3)



Rate of Reaction between Mg and HCl at different concetrations comparison 

2.0M HCl	0	38	49	60	65	70	71	72	72	72	72	72	72	72	1.5M HCl	0	23	40	49	55	58	61	63	65	66	67	68	68	68	1.0M HCl	0	10	20	30	40	50	60	70	80	90	100	110	120	130	0	15	25	30	40	47	50	55	60	62	63	64	64	64	0.5M HCl 	0	1	1	2	4	6	7	8	11	13	14	14	15	16	Time (s)


Volume of gas Production (cm3)




24.1°C, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	15	25	30	40	47	50	55	60	62	63	64	64	64	64	64	64	64	64	64	64	64	64	64	64	64	Time (s)


Volume of gas Production (cm3)



38.2°C, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	18	29	37	43	49	52	56	59	60	61	62	62	63	63	63	63	64	64	64	64	64	64	64	64	64	Time (s)


Volume of gas Production (cm3)



48.1°C, Rate of Gas Production

V H2, ml 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	20	30	37	42	47	51	53	54	54	54	55	55	56	57	57	58	59	60	61	62	62	62	63	64	64	Time (s)
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The effect on hydrogen gas production with ranging surfaces areas for Mg when in reaction to HCl
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Volume of gas Production (cm3)
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