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1.0 [bookmark: _Toc167302224]Introduction
This experiment aims to quantitatively judge how several factors affect the rate of reaction: Concentration, Temperature, and Surface Area of the reactants, and their effect on the products. The experiment will measure how the rate of reaction is affected because of these factors by capturing the gaseous product and using the pressure of the growing quantity of gas to move an apparatus known as a gas syringe.
[bookmark: _Toc167302225]1.1 Hypotheses
· An increased concentration of HCl increases the rate of reaction.
· An increased temperature increases the rate of reaction.
· An increased surface area increases the rate of reaction.
[bookmark: _Toc167302226]1.2 Variables
(Since there are multiple experiments within this assignment there are multiple sets of variables)
Experiment One (HCl Concentration)
· Independent Variable – Molarity of reactant Hydrochloric Acid.
· Dependent Variable – Volume of Gas Produced (Hydrogen) inside the Gas Syringe.
· Control Variables – Mass and Surface Area of reactant Magnesium, Internal volume of test tube and delivery tube. Temperature of reactants.
Experiment Two (Temperature)
· Independent Variable – Temperature of reactant Hydrochloric Acid.
· Dependent Variable – Volume of Gas Produced (Hydrogen) inside the Gas Syringe.
· Control Variables – Mass and Surface Area of reactant Magnesium, Molarity of reactant Hydrochloric Acid. Internal volume of test tube and delivery tube.
Experiment Three (Surface Area)
· Independent Variable – Surface Area of reactant Magnesium.
· Dependent Variable – Volume of Gas Produced (Hydrogen) inside the Gas Syringe.
· Control Variable - Mass and of reactant Magnesium, Molarity of reactant Hydrochloric Acid. Internal volume of test tube and delivery tube.
[bookmark: _Toc167302227]1.3 Equations
Mg (s) + HCl (aq)  MgCl (aq) + ½H2 (g)
Rate of reaction = ΔV of Hydrogen produced / ΔT, time taken
[bookmark: _Toc167302228]1.4 Materials and Equipment
· Test Tube with arm
· Bung to seal Test Tube
· Delivery Tube that fits on arm of Test Tube
· Gas Syringe
· Two Large Beakers
· Pipette and Pipette Filler
· Two Clamp Stands
· Test Tube Holder
· Thermometer
· Stopwatch
· Bunsen Burner
· Tripod + Wire Gauze
[bookmark: _Toc167302229]1.5 PPE Used
· Nitrile Gloves
· Lab Coat
· Eye Goggles
· Hair Ties (If Necessary)
· Moustache/Beard Coverings (If Necessary)
[bookmark: _Toc167302230]2.0 The Experiment
[bookmark: _Toc167302231]2.1 The Procedures
Experiment One – HCl Concentration
1. Arrange Apparatus with test tube and gas syringe connected being held by the Clamp stands and Test Tube Holder. Have Gas syringe horizontal or as close to as possible to prevent gravity from moving the plunger.
2. Prepare three 20.0mL solutions of HCl; 2.0M, 1.5M, 1.0M. Using Concentrated HCl and DI water.
3. (Start with lowest concentration and work way up as any left over HCl could affect results if reversed.) Pour one sample of HCl into test tube.
4. Have three strips of Mg ribbon with equal masses. (Approximately 40mm long).
5. Ensure the plunger is fully inserted and the measurements are visible on the side of the Syringe.
6. In a swift motion drop Mg Ribbon into the test tube and seal the test tube with the Bung, start stopwatch.
7. Record the volume of the gas syringe at 10 second intervals. Continue timing for an extra 30 seconds after the gas syringe has stopped obviously moving.
8. Measure temperature of HCl for Experiment Two.
9. Discard the reacted contents of the test tube, neutralise or dilute.
10. Clean the Test tube of any reactants with DI water, ensure the gas syringe remains dry or added friction from the water will affect results. Dry the apparatus as much as possible for the next experiment.
11. Repeat experiment with 1.5M HCl and 2.0M HCl.
12. Plot Graph Volume (Hydrogen) vs Time.
Experiment Two – Temperature
1. Connect Bunsen burner to gas nozzle, place on heat proof mat and ignite on safety flame. Place tripod and wire gauze above Bunsen burner.
2. Add water to beaker and set onto wire gauze to act as water bath.
3. Heat water to temperature measured of the HCl in Experiment One + 10°C.
4. Pipette three test tubes of 20mL of 1.0M HCl.
5. Water bath the first test tube until it reaches the temperature of the water bath.
6. Have three strips of Mg ribbon with equal masses. (Approximately 40mm long).
7. Add warm HCl to Test Tube with arm, and put Mg ribbon into test tube, seal with Bung. Start stopwatch.
8. Record the volume of the gas syringe at 10 second intervals. Continue timing for an extra 30 seconds after the gas syringe has stopped obviously moving.
9. Discard the reacted contents of the test tube, neutralise or dilute.
10. Clean the Test tube of any reactants with DI water, ensure the gas syringe remains dry or added friction from the water will affect results. Dry the apparatus as much as possible for the next experiment.
11. Repeat same experiment with temperature +10°C and a further +10°C.
12. Plot Graph Volume (Hydrogen) vs Time, for each temperature.
Experiment Three – Surface Area
1. Prepare Mg Turnings with the same mass as one 4cm length of Mg Ribbon.
2. Pipette 20mL of 1.0M HCl into the Test Tube with an arm.
3. Add Mg Turnings to the Test Tube with an arm, seal with Bung. Start Stopwatch.
4. Record the volume of the gas syringe at 10 second intervals. Continue timing for an extra 30 seconds after the gas syringe has stopped obviously moving.
5. Discard the reacted contents of the test tube, neutralise or dilute.
6. Clean the Test tube of any reactants with DI water.
7. Plot Graph Volume (Hydrogen) vs Time, for turnings and ribbon.
[bookmark: _Toc167302232]2.2 The Results
Experiment One – HCl Concentration (Table Volume(mL) of H2 produced for each Molarity every 10 seconds)
	Time (Seconds)
	1.0M HCl
	1.5M HCl
	2.0M HCl

	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
	72
	66

	90
	61
	75
	70

	100
	63
	77
	73

	110
	64
	79
	74

	120
	66
	79
	75

	130
	67
	79
	76

	140
	68
	X
	77

	150
	69
	
	79

	160
	70
	
	79

	170
	71
	
	80

	180
	72
	
	80

	190
	73
	
	81

	200
	75
	
	81

	210
	76
	
	X

	220
	76
	
	

	230
	77
	
	

	240
	78
	
	

	250
	79
	
	

	260
	80
	
	

	270
	80
	
	

	280
	X
	
	



Experiment Two – The influence of Temperature on the Rate of Reaction (Table Volume of H2 (mL) produced for each Temperature (°C) Tested
	Time (Seconds)
	Temp (35°C)
	(Temp 48°C)
	(Temp 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
	72
	54
	65

	110
	73
	55
	66

	120
	74
	57
	68

	130
	75
	59
	70

	140
	75
	61
	71

	150
	76
	64
	72

	160
	76
	65
	73

	170
	76
	67
	75

	180
	X
	68
	76

	190
	
	70
	77

	200
	
	70
	79

	210
	
	X
	79

	220
	
	
	79

	230
	
	
	X



Experiment Three – The influence of Surface Area on the Rate of Reaction (Table Time versus Volume of Hydrogen Gas Produced (mL)
	Time (Seconds)
	Volume (mL) of H2 Produced

	0
	0

	10
	10

	20
	17

	30
	22

	40
	27

	50
	32

	60
	36

	70
	40

	80
	43

	90
	46

	100
	49

	110
	51

	120
	53

	130
	55

	140
	57

	150
	58

	160
	59

	170
	60

	180
	61

	190
	63

	200
	63

	210
	63

	220
	63

	230
	X



[bookmark: _Toc167302233]2.3 Conclusions and Findings
	HCl Concentration
	Time to dissolve Mg
	Average Rate
	Instantaneous Rate at T = 10

	1.0M HCl
	260 seconds
	1.3mL/s
	0.76923

	1.5M HCl
	110 seconds
	2.6mL/s
	0.38461

	2.0M HCl
	190 seconds
	1.1mL/s
	0.90909


Experiment One – HCl Concentration

Average Rate = ΔV (H2) / ΔT (seconds)                                 V@10seconds = V@0seconds = ΔV
(1.0M HCl) V@10seconds = 13mL of H2		                       13mL/10seconds = 1.3mL/s
(1.5M HCl) V@10seconds = 26mL of H2		     	          26mL/10seconds = 2.6mL/s
(2.0M HCl) V@10seconds = 11mL of H2                                                11mL/10seconds = 1.1mL/s

	The three reactions all end with a similar amount of Hydrogen gas produced (80mL +/- 1mL) this displays that the concentration of the hydrochloric acid was not the limiting agent for the reaction the magnesium was and the concentration of the HCl was only responsible for the rate of reaction. The differing +/- 1mL can be explained as slight differences in the masses of Magnesium when it was weighed out, though the balance used has an accuracy of +/- 0.005g. The 2.0M HCl did not react with the speed expected of a concentration with twice the molarity of the 1.0M HCl [1]. This was most likely cause by an increased amount of oxidation on the magnesium ribbon explains why the reaction was much slower, the acid had to “eat” through the oxidation before then reaching the unreacted magnesium and go on to produce a very similar amount of hydrogen gas to the other reactions. Besides this the higher molarity of HCl did result in a faster speed of H2 gas evolution though this should be tested again due to the anomaly that occurred in our test.
Experiment Two – The influence of Temperature on the Rate of Reaction
	Temperature (°C)
	Time to dissolve Mg
	Average rate
	Instantaneous rate at T= 10

	35°C
	150 seconds
	1.6mL/s
	0.62500

	48°C
	190 seconds
	1.2mL/s
	0.83333

	60°C
	200 seconds
	2.0mL/s
	0.50000


Average Rate = ΔV (H2) / ΔT (seconds)                                 V@10seconds = V@0seconds = ΔV
(35°c) V@10seconds = 16mL of H2		                                    16mL/10seconds = 1.6mL/s
(48°C) V@10seconds = 12mL of H2		     	                        12mL/10seconds = 1.2mL/s
(60°C) V@10seconds = 20mL of H2                                                   20mL/10seconds = 2.0mL/s

Looking at the findings it is likely that the test conducted with the 48°C HCl was anomalous for a similar reason to experiment one, there could have been an increased amount of oxidation on the Mg ribbon. The production of Hydrogen occurs for a longer period of time than the 35°C but a lesser period of time than the 60°C. The increase in temperature meant that the forward direction reaction (Mg + HCl  MgCl + H2) was favoured and more H2 was able to be produced before the equilibrium was reached and the forward and backwards reactions balanced out (Le Chatelier’s Principle) [2]
	Mass of Mg Turnings
	Moles of Mg
	Average Rate of Reaction
	Instantaneous Rate of Reaction at T=10

	0.077g
	0.0032
	1.0mL/s
	1.00000


Experiment Three – The influence of Surface Area on the Rate of Reaction

Molecular Mass (MM) of Mg is 24.305g/mol [3]
1 Mole of Mg = 24.305g	0.077g/24.305g = 0.003168 moles

	This experiment is compared to the reaction from experiment one with the same molarity (1.0M HCl). The ribbon took longer to finish reacting than the turnings which was predicted as the higher surface area on the turnings lead to more possible reaction sites thus the rate of reaction is higher [4]. The net sum of hydrogen produced with this experiment was 17mL lower than the experiment with the ribbon. This is an anomaly, and there is a second anomaly with the slower than predicted rate of reaction for the turnings in the beginning.
[bookmark: _Toc167302234]2.4 Relation to OME
	Rate of reaction is imperative to OME. Propellants or Explosives, like all products are the sum of their reactants. Efficient energetics need their reactants in equal proportions, so that there is no single limiting reactant. If there is a limiting reactant in an energetic their ability to deflagrate or detonate will be affected and there will be less products or in this case explosive power [5]. A diminished yield means that product specifications will not be met and the intended job of the energetic, whether it be destructive force of explosives or thrust of propellant will not be as intended and put lives in jeopardy.
Temperature is not easily used to affect the rate of reaction in OME. It is not practical to keep energetics at an increased temperature where they would be at a heightened risk of decomposition for a possible increase yield. Even small increases in temperature increase the rate of decomposition for energetic materials [6].
The propellant used in small arms cartridges are either single or double based propellant [7]. These are small flat discs made of made out of several energetics and stabilisers. The propellant is in miniscule disc format because of its large surface area with minimal volume (diameter ~0.5mm). And as this experiment has proven a larger surface area is superior for a faster rate of reaction.
[bookmark: _Toc167302235]2.5 Limitations
	In the time between adding the magnesium and inserting the bung, hydrogen produced could escape the testing apparatus. This missing hydrogen mean the true rate of reaction is affected. If the gas syringe becomes wet there will be increased amounts of friction that could affect the reading. Another limitation is the principles of collision law, the true rate of reaction is difficult to measure, only a certain number of collisions result in reaction.
[bookmark: _Toc167302236]3.0 Conclusion
	Rate of reaction is a core part of energetics and the entirety of OME. It is used in all energetic materials and processes with or without energetics. The main hypotheses have been proved and the results tabled, graphed and calculated.
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EXPERIMENT THREE - Surface area

Mg Ribbon	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	0	13	27	30	37	44	49	54	57	61	63	64	66	67	68	69	70	71	72	73	75	76	76	77	78	79	80	80	80	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	280	0	10	17	22	27	32	36	40	43	46	49	51	53	55	57	58	59	60	61	63	63	63	63	63	63	63	63	63	63	



Experiment one - Hcl concentration

1.0M 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	0	13	27	30	37	44	49	54	57	61	63	64	66	67	68	69	70	71	72	73	75	76	76	77	78	79	80	80	80	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	280	0	26	40	48	56	61	65	70	72	75	77	79	79	79	79	79	79	79	79	79	79	79	79	79	79	79	79	79	79	2.0M 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	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	81	



EXPERIMENT TWO - TEMPERATURE

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	0	16	29	37	45	52	59	64	68	70	72	73	74	75	75	76	76	76	76	76	76	76	76	76	 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	0	12	19	24	30	33	39	42	45	50	54	55	57	59	61	64	65	67	68	70	70	70	70	70	60C	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	20	29	36	43	46	51	56	59	62	65	66	68	70	71	72	73	75	76	77	79	79	79	79	
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