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1. [bookmark: _Toc198279552]Abstract
This report discusses three tests that were done to investigate rate of reaction. The three tests that were performed were observing how the rate of reaction by measuring hydrogen gas produced was affected by varying concentrations of HCl, how the rate of reaction by measuring hydrogen gas produced by differing temperatures and how differing surface area of magnesium will affect the rate of reaction.
2. 

3. [bookmark: _Toc198279553]Introduction
Rate of reaction is a way measuring the speed at which a reaction occurs. The way that rate of reaction is measured is by dividing the change of concentration of reactants by the time it takes for those concentrations to change.
[bookmark: _Toc198279554]Test one
Test one will find how rate of reaction changes when concentration is changed. The hypothesis for this test is that as concentration increases the rate of reaction will also increase. The independent variable of this test is the concentrations of HCl solution which are at 2.0M, 1.5M, 1.0M and 0.5M. The dependant variable of this test will be the time taken for the reaction to reach its end. The control variables for this test are the total volume of liquid used, and the mass and surface area of the magnesium strip used.
[bookmark: _Toc198279555]Test two
Test two was done to determine the effect that temperature has on the rate of reaction. The hypothesis for this test was that as temperature increases the rate of reaction will also increase. The independent variable for this test was the temperature of the HCl solution used, these temperatures were 24.3oC, 34.3 oC, 44.3 oC and 55.3 oC. The dependent variable for these reactions was the amount of time taken for the reaction to reach its completion. The control variable for these reactions was the mass and surface area of the magnesium used and the volume and concentration of HCl solution, these values were 1.0M for the concentration and 20mL for the volume.
[bookmark: _Toc198279556]Test three
Test three was performed to find out how the surface area of the reactants will affect the rate of reaction. The hypothesis of this test was that as surface area increases; rate of reaction will also increase. The independent variable of this test was the surface area of the magnesium this was done by using a magnesium strip and magnesium shavings. The control variables of this test were the volume and concentration of HCl solution at 20mL and 1.0M respectively and the temperature of the solution which was recorded at 24.3oC.
[bookmark: _Toc198279557]Equations
Instantaneous equation was found by finding the initial gradient of the graphs plotted with the change of volume against time.
The equation used to find the average rate of reaction is shown below.  represents the total change in the volume of H2 that was produced by the reaction and is the time taken for the reaction to finish.
Equation 1 - equation to determine rate of reaction
    [cm3/s]

4. [bookmark: _Ref196772295][bookmark: _Ref196772300][bookmark: _Toc198279558]Results
[bookmark: _Toc198279559]Test one
Below in Table 1, the table shows the volume of H2 gas produced every 20 seconds for all concentrations of HCl solution. 
[bookmark: _Ref198282806]Table 1 - Table showing volume of H2 against time
	0.5 M HCl
	1.0M HCl
	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)

	0
	0
	0
	4
	0
	5
	0
	6

	20
	2
	20
	9
	20
	24
	20
	29

	40
	5
	40
	20
	40
	42
	40
	45

	60
	7
	60
	27
	60
	54
	60
	52

	80
	10
	80
	35
	80
	62
	80
	57

	100
	12
	100
	42
	100
	64
	100
	63

	120
	14
	120
	47
	120
	67
	120
	67

	140
	17
	140
	53
	140
	70
	140
	68

	160
	19
	160
	57
	160
	72
	160
	68

	180
	21
	180
	61
	180
	73
	180
	68

	200
	23
	200
	64
	200
	74
	200
	68

	220
	25
	220
	66
	220
	74
	220
	68

	240
	27
	240
	67
	240
	75
	240
	68

	260
	29
	260
	68
	260
	75
	-
	-

	280
	31
	280
	68
	280
	75
	-
	-

	300
	32
	300
	69
	300
	75
	-
	-

	320
	34
	320
	69
	-
	-
	-
	-

	340
	35
	340
	69
	-
	-
	-
	-

	360
	37
	360
	70
	-
	-
	-
	-

	380
	38
	380
	70
	-
	-
	-
	-

	400
	40
	400
	70
	-
	-
	-
	-

	420
	41
	420
	71
	-
	-
	-
	-

	440
	43
	440
	71
	-
	-
	-
	-

	460
	44
	460
	72
	-
	-
	-
	-

	480
	45
	480
	72
	-
	-
	-
	-

	500
	46
	500
	72
	-
	-
	-
	-

	520
	47
	520
	72
	-
	-
	-
	-

	540
	48
	-
	-
	-
	-
	-
	-

	560
	50
	-
	-
	-
	-
	-
	-

	580
	50
	-
	-
	-
	-
	-
	-

	600
	51
	-
	-
	-
	-
	-
	-

	620
	52
	-
	-
	-
	-
	-
	-

	640
	53
	-
	-
	-
	-
	-
	-

	660
	53
	-
	-
	-
	-
	-
	-

	680
	54
	-
	-
	-
	-
	-
	-

	700
	55
	-
	-
	-
	-
	-
	-

	720
	56
	-
	-
	-
	-
	-
	-

	740
	56
	-
	-
	-
	-
	-
	-

	760
	56
	-
	-
	-
	-
	-
	-

	780
	57
	-
	-
	-
	-
	-
	-

	800
	57
	-
	-
	-
	-
	-
	-

	820
	58
	-
	-
	-
	-
	-
	-

	840
	59
	-
	-
	-
	-
	-
	-

	860
	59
	-
	-
	-
	-
	-
	-

	880
	60
	-
	-
	-
	-
	-
	-

	900
	60
	-
	-
	-
	-
	-
	-

	920
	60
	-
	-
	-
	-
	-
	-

	940
	60
	-
	-
	-
	-
	-
	-

	960
	60
	-
	-
	-
	-
	-
	-



Below, in Figure 1, are all of the graphs plotted from the data recorded in Table 1.[image: ]
[bookmark: _Ref198287173]Figure 1 - Graphs showing volume of H2 gas produced against time

Table 2 below shows the calculated values for the rates of reaction for all concentrations of HCl solution. These results show that the average and instant rates of reaction increase as concentration increases and also that the instant rate of reaction is higher than the average rate of reaction for all concentrations.
[bookmark: _Ref198282923]Table 2 - Table showing the average and instant rates of reaction for each concentration of HCl solution
	Concentration of HCl (M)
	Average Rate of Reaction (mL s-1)
	Instant Rate of Reaction (mL s-1)

	0.5
	0.07
	0.10

	1.0
	0.16
	0.25

	1.5
	0.31
	0.95

	2.0
	0.49
	1.15




[bookmark: _Toc198279560]Test two
In the table below, Table 3,  the volume of H2 gas produced every 20 seconds for all concentrations of HCl solution is shown. 
[bookmark: _Ref198286721][bookmark: _Ref198286779]Table 3 - Table showing volume of H2 gas produced every 20 seconds for all temperatures
	T = 24.3 oC
	T = 34.3 oC
	T = 44.3 oC
	T = 54.3 oC

	time (s)
	V H2 (mL)
	time (s)
	V H2 (mL)
	time (s)
	V H2 (mL)
	time (s)
	V H2 (mL)

	0
	4
	0
	5
	0
	3
	0
	5

	20
	9
	20
	19
	20
	18
	20
	20

	40
	20
	40
	32
	40
	32
	40
	31

	60
	27
	60
	42
	60
	43
	60
	38

	80
	35
	80
	49
	80
	49
	80
	44

	100
	42
	100
	62
	100
	54
	100
	49

	120
	47
	120
	67
	120
	60
	120
	54

	140
	53
	140
	70
	140
	63
	140
	56

	160
	57
	160
	71
	160
	65
	160
	58

	180
	61
	180
	72
	180
	66
	180
	59

	200
	64
	200
	73
	200
	67
	200
	60

	220
	66
	220
	73
	220
	67
	220
	60

	240
	67
	240
	74
	240
	68
	240
	60

	260
	68
	260
	74
	260
	69
	260
	61

	280
	68
	280
	75
	280
	70
	280
	62

	300
	69
	300
	76
	300
	70
	300
	63

	320
	69
	320
	77
	320
	70
	320
	64

	340
	69
	340
	77
	340
	71
	340
	65

	360
	70
	360
	78
	360
	71
	360
	66

	380
	70
	380
	78
	380
	72
	380
	66

	400
	70
	400
	78
	400
	72
	400
	67

	420
	71
	420
	78
	420
	72
	420
	67

	440
	71
	-
	-
	440
	72
	440
	68

	460
	72
	-
	-
	460
	72
	460
	68

	480
	72
	-
	-
	480
	72
	480
	68

	500
	72
	-
	-
	-
	-
	500
	68

	520
	72
	-
	-
	-
	-
	-
	-



All of the graphs plotted from the data recorded in Table 3 are shown below in Figure 2. 
[image: ]
[bookmark: _Ref198287154]Figure 2 - All Graphs showing volume plotted against time
Table 4 below shows the calculated values for the rates of reaction for all temperatures of HCl solution. These results show that the average initially increases as temperatures increases then begin to decrease. The instant rate of reaction is higher than the average rate of reaction and is observed to increase as temperature increases then plateau between 44.3-54.3 oC.
[bookmark: _Ref198286863]Table 4 - Table showing calculated values for average and instant rates of reaction for all temperatures of HCl
	Temperature of HCl (oC)
	Average Rate of Reaction (mL s-1)
	Instant Rate of Reaction (mL s-1)

	24.3
	0.16
	0.25

	34.4
	0.22
	0.70

	44.3
	0.19
	0.75

	54.3
	0.15
	0.75




[bookmark: _Toc198279561]Test three
The volume of H2 gas produced by the reaction is recorded every 20 seconds in Table 5 below.
[bookmark: _Ref198287066]Table 5 - Table showing volume of H2 gas produced every 20 seconds for different surface areas of magnesium
	Magnesium strip
	Magnesium
shavings

	time (s)
	V H2 (mL)
	time (s)
	V H2 (mL)

	0
	4
	0
	2

	20
	9
	20
	9

	40
	20
	40
	15

	60
	27
	60
	25

	80
	35
	80
	30

	100
	42
	100
	35

	120
	47
	120
	40

	140
	53
	140
	47

	160
	57
	160
	50

	180
	61
	180
	52

	200
	64
	200
	55

	220
	66
	220
	60

	240
	67
	240
	62

	260
	68
	260
	64

	280
	68
	280
	67

	300
	69
	300
	70

	320
	69
	320
	72

	340
	69
	340
	74

	360
	70
	360
	75

	380
	70
	380
	75

	400
	70
	400
	76

	420
	71
	420
	76

	440
	71
	440
	77

	460
	72
	460
	77

	480
	72
	480
	77

	500
	72
	500
	77

	520
	72
	-
	-



All of the graphs plotted from the data recorded in Table 5 are shown below in Figure 3.
[image: ]
[bookmark: _Ref198287236]Figure 3 - All Graphs showing volume plotted against time
Table 6 below shows the average and instant rates of reaction for different surface areas of magnesium. The strip of magnesium will have a lower surface area while the shavings of magnesium will have a higher surface area. The data shows that as surface area increases average and instant rates of reaction also increase and the instant rate of reaction is higher than the average rate of reaction.
[bookmark: _Ref198287269]Table 6 - Table showing calculated values for average and instant rates of reaction for different surfaces areas of magnesium
	Form of Magnesium
	Average Rate of Reaction (mL s-1)
	Instant Rate of Reaction (mL s-1)

	Strip
	0.16
	0.25

	Shavings
	0.18
	0.35


5. [bookmark: _Toc198279562]
Discussion
[bookmark: _Toc198279563]Application
The rate of reaction determines whether a substance will detonate or deflagrate. Substances that detonate will decompose via a shockwave rather than burning, like a deflagrating substance [1]. The velocity of a shockwave within a substance that can detonate travels at speeds between 1500 and 9000 m s-1 [1] while deflagration happens much lower than this. 
[bookmark: _Toc198279564]Limitations	
For all tests the magnesium shavings and strip were provided, however measurements to confirm the mass of the magnesium were not taken this could cause variances within the data that are not accounted for meaning the rate of reaction values calculated may not be accurate and could explain why the final volume of H2 gas produced varied between different tests. Ideally the mass of magnesium would be the same for every test.
For test three the exact surface area of the shavings could not be calculated and values for the dimensions of the strip of magnesium were not recorded, this could make it difficult to explores the exact relationship between surface area and rate of reaction.
6. 

7. [bookmark: _Toc198279565]Conclusion
For all tests, the instant rate of reaction was faster than the average rate of reaction. In test one it was observed that as the concentration of the reactants increases the rate of reaction also increases, this is in line with the hypothesis. For test two the average rate of reaction initially rose as temperature increased then began to decrease, this is not in line with the hypothesis, this could potentially be due to differing amounts of magnesium used or could show that there is no correlation between temperature and rate of reaction. For test three there was a rise in the rate of reaction when magnesium shavings were used instead of the magnesium strip, this is in line with the hypothesis that as surface area rises the rate of reaction also rises.
Further relevant research into this subject could be investigating how equilibrium reactions would change as conditions such as temperature change.
8. 

9. [bookmark: _Toc198279566]Abstract
[bookmark: _Toc198279567]Methodology
Test one
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.
Test two
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 oC 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 oC apart).

Test three
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.
10. [bookmark: _Toc198279569]References 
[1]J. Akhavan, The Chemistry of Explosives, 4th edition. La Vergne: Royal society of Chemistry, 2022.
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