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1. [bookmark: _Toc167290131]Introduction

Rate of reaction is the speed at which reactants are converted to products during a chemical reaction. This may be related to variables such as temperature, concentration & the surface area of the products. An understanding of how these variables may affect a reaction are key to predicting, controlling, and in the OME field, the safety. In this experiment the rate of reaction of hydrochloric acid and magnesium will be investigated, as the variables can be easily changed, and the results can be measured easily.

2. [bookmark: _Toc167290132]Purpose & theory
2.1 [bookmark: _Toc167290133]– Hypotheses
It is expected that increasing concentration, temperature and surface area will all result in increased rate of reaction. The factor by which may vary though, with surface area likely to hold the largest change.
2.2 [bookmark: _Toc167290134]– Variables
2.2.1 [bookmark: _Toc167290135]– Independent
· Concentration of HCl
· Temperature
· Surface area of Mg
2.2.2 [bookmark: _Toc167290136]– Dependant
· Speed at which products (Gas) is produced.

2.2.3 [bookmark: _Toc167290137]– Control
· Volume of HCl
· Mass of Mg (Proportional via equation)

2.3 [bookmark: _Toc167290138]– Equations
Equation 1:



3. [bookmark: _Toc167290139]Materials & Methods
3.1 [bookmark: _Toc167290140]– Materials & Equipment
	Equipment
	No.

	Gas test tube
	1

	Gas Syringe
	1

	Lab Stand
	1

	Various Clamps
	As necessary

	Rubber Bung
	1

	Large Beaker
	2

	Thermometer
	1

	Bunsen Burner, Ring Stand, Heatproof mat, & Clay triangle
	1 (General bunsen burner setup)

	Stopwatch
	1

	PPE
	As necessary


Figure 1 – Equipment list
	Materials
	No.

	Magnesium Ribbon, 4cm, mass recorded
	6

	Magnesium Turnings, same mass as ribbon.
	1 Sample

	Hydrochloric Acid, 2M.
	120ml ~

	Hydrochloric Acid, 1M.
	12oml~

	DI Water
	300ml~


Figure 2 – Materials list

3.2 [bookmark: _Toc167290141]– Procedure
3.2.1 [bookmark: _Toc167290142]– Hydrochloric Acid concentration
· Prepare 3 20ml samples of HCl, at 1M, 1.5M & 2M.
· To prepare the 1.5M sample, use an appropriate amount of DI water to dilute the 2M HCl.
· Start with 1M HCl, place this into the gas test tube.
· Once prepared, place the magnesium ribbon into the gas test tube, seal with rubber bung, start stopwatch and begin taking measurements from the gas syringe at suitable time intervals.
· Continue taking measurements until the gas volume stops increasing.
· Once complete, discard solution into waste beaker.
· Repeat for each sample. When testing 1M HCl, measure the temperature before the reaction begins.
· Calculate results, and plot graph. Find average rate of reaction and instantaneous rate of reaction (t=0).


3.2.2 [bookmark: _Toc167290143]– Temperature
· Prepare a water bath using water, and a large beaker.
· Heat the water using the bunsen burner setup.
· The temperature of the water bath should be around 10*c higher than that of the 1M HCl sample used in the previous section.
· Prepare 3 test tubes with 20ml of 1M HCl solution.
· Place one of these into the water bath until the sample reaches the same temperature as the bath.
· Quickly transfer the sample into the gas test tube, add a magnesium ribbon, and the bung.
· Start stopwatch and measure gas produced using the gas syringe, until no more is produced.
· Discard sample into the waste beaker, once complete.
· Repeat for other samples.
· Determine the average and instantaneous rate of reaction from the results.

3.2.3 [bookmark: _Toc167290144]– Surface area
· Prepare one test tube with 20ml of 1M HCl solution.
· Add this to the gas test tube.
· Quickly add the magnesium turnings, place the bung, start stopwatch and begin reading results until gas production ceases.
· As previously, dispose of waste in waste beaker.
· Find average and instantaneous rate of reaction.


[bookmark: _Toc167290145]4. Results
[bookmark: _Toc167290146]4.1 - Experimental data
[bookmark: _Toc167290147]4.1.1 - Part 1, Effect of concentration
	1M HCl

	T1 = 25*c
	1.5M HCl
	2M HCl

	Time (s)
	V H2, ml
	V H2, ml
	V H2, ml

	0
	0
	0
	0

	10
	13
	26
	11

	20
	27
	40
	24

	30
	30
	48
	33

	40
	37
	56
	40

	50
	44
	61
	48

	60
	49
	65
	55

	70
	54
	70
	61

	80
	57
	71
	66

	90
	61
	75
	70

	100
	63
	77
	73

	110
	64
	79
	74

	120
	66
	79
	75

	130
	67
	79
	76

	140
	68
	
	77

	150
	69
	
	79

	160
	70
	
	79

	170
	81
	
	80

	180
	82
	
	80

	190
	83
	
	81

	200
	85
	
	81

	210
	86
	
	81

	220
	86
	
	

	230
	87
	
	

	240
	88
	
	

	250
	89
	
	

	260
	90
	
	

	270
	90
	
	


Figure 3 – 3.2.1 Results, Effect of Concentration.


Figure 4 – Effect of Concentration on rate of reaction, graph.
	Sample:
	1M
	1.5M
	2M

	Average rate
	1.35ml s^-1
	2ml s^-1
	1.2ml s^-1


Figure 5 – Rate of reaction, concentration


[bookmark: _Toc167290148]4.1.2 - Part 2, Effect of temperature
	Time
	T2 = 35*c
	T3 = 48*c
	T4 = 60*c

	0
	0
	0
	0

	10
	16
	12
	20

	20
	29
	19
	29

	30
	37
	24
	36

	40
	45
	30
	43

	50
	52
	33
	46

	60
	59
	39
	51

	70
	64
	42
	56

	80
	68
	45
	59

	90
	70
	50
	62

	100
	71
	54
	65

	110
	73
	55
	66

	120
	74
	59
	68

	130
	75
	61
	70

	140
	75
	64
	71

	150
	76
	65
	72

	160
	76
	67
	73

	170
	76
	68
	75

	180
	
	70
	76

	190
	
	70
	77

	200
	
	70
	79

	210
	
	
	79

	220
	
	
	79


Figure 6 – Effect of temperature results.


Figure 7 – Effect of temperature, graph.

	Sample:
	T1
	T2
	T3
	T4

	Avg. Rate.
	1.35 ml s^-1
	1.45 ml s^-1
	0.95 ml s^-1
	1.45 ml s^-1


Figure 8 – Rate of reaction results from temperature.
[bookmark: _Toc167290149]4.1.3 - Part 3, Effect of surface area
	Time
	Mg Turnings
	Mg Strip

	0
	0
	0

	10
	10
	13

	20
	17
	27

	30
	22
	30

	40
	27
	37

	50
	32
	44

	60
	36
	49

	70
	40
	54

	80
	43
	57

	90
	46
	61

	100
	49
	63

	110
	51
	64

	120
	53
	66

	130
	55
	67

	140
	57
	68

	150
	58
	69

	160
	59
	70

	170
	60
	81

	180
	61
	82

	190
	62
	83

	200
	63
	85

	210
	63
	86

	220
	63
	86

	230
	
	87

	240
	
	88

	250
	
	89

	260
	
	90

	270
	
	90


Figure 9 – Effect of surface area results.

Figure 10 – Effect of surface area, graph.

	Sample
	Mg Turnings
	Mg Strip

	Avg. Rate of reaction
	0.85 ml s^-1
	1.35 ml s^-1


Figure 11 – Rate of reaction, Surface area.
[bookmark: _Toc167290150]5. Analysis

These were not the anticipated results, and thus may be incorrect. Increasing surface area would typically always increase the rate of reaction, with the same being true for concentration and temperature. However, this may simply be a quality of the particular reaction. The collision theory states that when particles collide a reaction takes place, and with a higher concentration more reactions should take place in a set amount of time. The only caveaut to this being that the amount of magnesium was not increased, so there may be an exess of the hydrochloric acid.

6. [bookmark: _Toc167290151]Experiment information
[bookmark: _Toc167290152]6.1 – Relevance & use cases

Rate of reaction is a critical measurement in the power of an explosive. Explosives are classified by their rate of reaction [1]. High explosives are those which react at a rate faster than the speed of sound- a detonation [1]. Deflegration is a vigorous burn which may be percieved as a detonation, but burns at a rate slower than the speed of sound. These different explosives may be used for different uses, for example, if a high explosive such as RDX was used in place of a propellant such as nitrocellulose in a gun launch, the result would be an overpressure, and thus failure of the gun. This example details why understanding of the rate of reaction of an explosive is important for both safety and for identifying use cases of a compound.
Rate of reaction is also closely linked to the velocity of detonation, which can be used to determine the power of the explosive [2]. This may also aid in choosing which explosive is best suited to a use case.
In some scenarios, a slower rate of reaction may pose hazardous circumstances in energetics. Some energetics may "self confine” during a deflegration, which can lead to the material inflicting enough pressure upon itself to cause itself to detonate. This could lead to an accident, so ample research and handling considerations must be undertaken.

[bookmark: _Toc167290153]6.2 - Limitations & Improvements

This experiment is simple and effective. It is not designed to give overly accurate result. The temperature of the sample may vary in the unmeasured samples, and according to the collision law, this will increase the rate of reaction. Another consideration along this route, although not in terms of the experiment itself, is that in exothermic reactions the reaction will provide itself heat, and thus the rate will increase. To reduce this, temperature should be taken for all samples.
The equipment used to measure the gas produced was not massively accurate, and the human element of reading this equipment may also produce incorrect results. To combat this, a electronic sensor may be used which can provide more accurate information at a finer timestamp.
The magnesium will form a layer of oxidation while exposed to the open air, which will result in a decreased rate of reaction- which may also vary sample to sample. To reduce the impact of this, magnesium may be stored and prepared under oil or inert gas, as this will prevent oxidation- although considerations must be taken as to the impact on rate of reaction from these.

7. [bookmark: _Toc167290154]Conclusions
[bookmark: _Toc167290155]7.1 - Findings
The experiment showed no meaningful relationship between increasing concentration, temperature & surface area. Unfortunately this means that the results must be incorrect, as the collision law states that all of these factors may result in more collisions and thus, a faster rate of reaction.
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9. [bookmark: _Toc167290157]Appendices
[bookmark: _Toc167290158]9.1 Appendix A – Tables & results
	10. Equipment
	No.

	Gas test tube
	1

	Gas Syringe
	1

	Lab Stand
	1

	Various Clamps
	As necessary

	Rubber Bung
	1

	Large Beaker
	2

	Thermometer
	1

	Bunsen Burner, Ring Stand, Heatproof mat, & Clay triangle
	1 (General bunsen burner setup)

	Stopwatch
	1


Figure 1 – Equipment list
	Materials
	No.

	Magnesium Ribbon, 4cm, weight recorded
	6

	Magnesium Turnings, same mass as ribbon.
	1 Sample

	Hydrochloric Acid, 2M.
	120ml ~

	Hydrochloric Acid, 1M.
	12oml~

	DI Water
	300ml~


Figure 2 – Materials list



	1M HCl

	T1 = 25*c
	1.5M HCl
	2M HCl

	Time (s)
	V H2, ml
	V H2, ml
	V H2, ml

	0
	0
	0
	0

	10
	13
	26
	11

	20
	27
	40
	24

	30
	30
	48
	33

	40
	37
	56
	40

	50
	44
	61
	48

	60
	49
	65
	55

	70
	54
	70
	61

	80
	57
	71
	66

	90
	61
	75
	70

	100
	63
	77
	73

	110
	64
	79
	74

	120
	66
	79
	75

	130
	67
	79
	76

	140
	68
	
	77

	150
	69
	
	79

	160
	70
	
	79

	170
	81
	
	80

	180
	82
	
	80

	190
	83
	
	81

	200
	85
	
	81

	210
	86
	
	81

	220
	86
	
	

	230
	87
	
	

	240
	88
	
	

	250
	89
	
	

	260
	90
	
	

	270
	90
	
	


Figure 3 – 3.2.1 Results, Effect of Concentration.


Figure 4 – Effect of Concentration on rate of reaction, graph.

	Sample:
	1M
	1.5M
	2M

	Average rate
	1.35ml s^-1
	2ml s^-1
	1.2ml s^-1


Figure 5 – Rate of reaction, concentration


	Time
	T2 = 35*c
	T3 = 48*c
	T4 = 60*c

	0
	0
	0
	0

	10
	16
	12
	20

	20
	29
	19
	29

	30
	37
	24
	36

	40
	45
	30
	43

	50
	52
	33
	46

	60
	59
	39
	51

	70
	64
	42
	56

	80
	68
	45
	59

	90
	70
	50
	62

	100
	71
	54
	65

	110
	73
	55
	66

	120
	74
	59
	68

	130
	75
	61
	70

	140
	75
	64
	71

	150
	76
	65
	72

	160
	76
	67
	73

	170
	76
	68
	75

	180
	
	70
	76

	190
	
	70
	77

	200
	
	70
	79

	210
	
	
	79

	220
	
	
	79


Figure 6 – Effect of temperature results.



Figure 7 – Effect of temperature, graph.




	Sample:
	T1
	T2
	T3
	T4

	Avg. Rate.
	1.35 ml s^-1
	1.45 ml s^-1
	0.95 ml s^-1
	1.45 ml s^-1


Figure 8 – Rate of reaction results from temperature.


	Time
	Mg Turnings
	Mg Strip

	0
	0
	0

	10
	10
	13

	20
	17
	27

	30
	22
	30

	40
	27
	37

	50
	32
	44

	60
	36
	49

	70
	40
	54

	80
	43
	57

	90
	46
	61

	100
	49
	63

	110
	51
	64

	120
	53
	66

	130
	55
	67

	140
	57
	68

	150
	58
	69

	160
	59
	70

	170
	60
	81

	180
	61
	82

	190
	62
	83

	200
	63
	85

	210
	63
	86

	220
	63
	86

	230
	
	87

	240
	
	88

	250
	
	89

	260
	
	90

	270
	
	90


Figure 9 – Effect of surface area results.


Figure 10 – Effect of surface area, graph.

	Sample
	Mg Turnings
	Mg Strip

	Avg. Rate of reaction
	0.85 ml s^-1
	1.35 ml s^-1


Figure 11 – Rate of reaction, Surface area.

Effect of concentration on rate of reaction

1M 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	0	13	27	30	37	44	49	54	57	61	63	64	66	67	68	69	70	81	82	83	85	86	86	87	88	89	90	90	1.5M 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	0	26	40	48	56	61	65	70	71	75	77	79	79	79	79	79	79	79	79	79	79	79	79	79	79	79	79	79	2M 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	0	11	24	33	40	48	55	61	66	70	73	74	75	76	77	79	79	80	80	81	81	81	81	81	81	81	81	81	Time, s.


Vol. H2 produced, ml.




Effect of temperature on rate of reaction

T1 = 25*c	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	0	13	27	30	37	44	49	54	57	61	63	64	66	67	68	69	70	81	82	83	85	86	86	87	88	89	90	90	T2 = 35*c	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	0	16	29	37	45	52	59	64	68	70	71	73	74	75	75	76	76	76	T3 = 48*c	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	0	12	19	24	30	33	39	42	45	50	54	55	59	61	64	65	67	68	70	70	70	T4 = 60*c	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	0	20	29	36	43	46	51	56	59	62	65	66	68	70	71	72	73	75	76	77	79	79	79	Time (s)


Vol. H2 Produced (ml)




Effect of surface area on rate of reaction

Mg Turnings	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	0	10	17	22	27	32	36	40	43	46	49	51	53	55	57	58	59	60	61	62	63	63	63	Mg Strip	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	0	13	27	30	37	44	49	54	57	61	63	64	66	67	68	69	70	81	82	83	85	86	86	87	88	89	90	90	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	Time (s)


Vol. H2 (ml)




Effect of concentration on rate of reaction

1M 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	0	13	27	30	37	44	49	54	57	61	63	64	66	67	68	69	70	81	82	83	85	86	86	87	88	89	90	90	1.5M 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	0	26	40	48	56	61	65	70	71	75	77	79	79	79	79	79	79	79	79	79	79	79	79	79	79	79	79	79	2M 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	0	11	24	33	40	48	55	61	66	70	73	74	75	76	77	79	79	80	80	81	81	81	81	81	81	81	81	81	Time, s.


Vol. H2 produced, ml.




Effect of temperature on rate of reaction

T1 = 25*c	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	0	13	27	30	37	44	49	54	57	61	63	64	66	67	68	69	70	81	82	83	85	86	86	87	88	89	90	90	T2 = 35*c	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	0	16	29	37	45	52	59	64	68	70	71	73	74	75	75	76	76	76	T3 = 48*c	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	0	12	19	24	30	33	39	42	45	50	54	55	59	61	64	65	67	68	70	70	70	T4 = 60*c	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	0	20	29	36	43	46	51	56	59	62	65	66	68	70	71	72	73	75	76	77	79	79	79	Time (s)


Vol. H2 Produced (ml)




Effect of surface area on rate of reaction

Mg Turnings	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	0	10	17	22	27	32	36	40	43	46	49	51	53	55	57	58	59	60	61	62	63	63	63	Mg Strip	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	0	13	27	30	37	44	49	54	57	61	63	64	66	67	68	69	70	81	82	83	85	86	86	87	88	89	90	90	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	Time (s)


Vol. H2 (ml)
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