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[bookmark: _Toc167193568]Introduction
[bookmark: _Toc167193569]Background
Reaction rates, or reaction kinetics is the study of the speed at which chemical reactions take place and reactants are turned into products. Reaction rates are expressed using the equation: Rate = k [A]a [B]b  
[bookmark: _Toc167193592]Equation 1
Where		 k 	= The rate constant
	[A] & [B] 	= The concentrations of the reactants
	a & b		=The reaction orders in relation to A & B
For a reaction between 2 or more different molecules to be successful the reactants must collide with sufficient energy and in the correct orientation. If these factors are not sufficient the reaction will not take place. 
As such there are a number of different factors which can affect the rate of reactions. They are:
· The presence of a catalyst-: These are substances which may be added to a reaction which will lower the activation energy of reaction.
· Concentrations of reactants-: As the concentration of reactants is increased the number of collisions between molecules increases which increases the likelihood of successful collisions.
· Temperature of reaction-: Increasing the temperature of the reactants will increase the kinetic energy that the molecules possess increasing the amount of collisions which contain sufficient energy for successful reaction. 
· Surface area of reactants-: By increasing the surface area of a solid reactant it will increase the number of particles available for interaction and a greater number of particle collisions.

[bookmark: _Toc167193570] Aim
Three separate experiments will be performed to determine how reaction rates will be effected by changing the concentrations of reactants, changing the temperature of the reaction, and increasing the surface area of solid reactants.
In each experiment Hydrochloric acid (HCl) will be reacted with Magnesium (Mg) metal. The balanced chemical equation for this reaction is: 
Mg + 2HCl  MgCl2 + H2 
For each of the three reactions the evolution of the H2 gas will be measured over time periods, this will then be used to determine the rate. The results will be presented showing that increasing concentrations, heart, and surface areas will all increase the reaction rates.  
In each case, the rate of reaction will be equal to:
                       [cm3/s]
[bookmark: _Toc167193593]Equation 2 [1]
	
Experimental procedure 1: The concentration of HCl will be varied to observe how this effects the speed of reaction. The method is 2.1.1Appendix A 
Experimental procedure 2: The experiment will be preformed at different temperatures. The method is 2.1.1Appendix B
Experimental procedure 3: This experiment will utilise a greater surface area to observe its effects on reaction rates. The method is 2.1.1Appendix C
All of the equipment needed for these experiments is in the appendix 2.1.1Appendix D
[bookmark: _Toc167193571]Results 
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Experiment 1 had four runs with 4 different concentrations. 
The first run was unsuccessful as the gas syringe had a small hole which wasn’t found until after the experiment had been started this lead to all evolved gasses escaping without measuring. This data has been omitted and conclusions have been made from the other three runs. 

	
	1.0 M HCl
	
	1.5 M HCl
	
	2.0 M HCl

	
	T 1 = 26 °C
	
	
	
	

	
	time, s
	V H2, mL
	
	time, s
	V H2, mL
	
	time, s
	V H2, mL

	
	 2
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	 2
	 95
	
	 2
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	 22
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	 110
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	 110
	
	
	 110
	 

	
	 120
	 27
	
	 120
	
	
	 120
	 

	
	 130
	 26
	
	 130
	
	
	 130
	 

	
	 140
	 25
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	 140
	 

	
	 150
	 24
	
	 150
	 
	
	 150
	 

	
	 160
	 24
	
	 160
	 
	
	 160
	 


[bookmark: _Toc167193584]Table 1 Complete measurement from experiment 1

	[HCl]
	time to dissolve Mg
	average rate
	instantaneous rate at 

	
	
	
	t = 2

	0.5 M
	 N/A
	N/A 
	N/A

	1.0 M
	 160 s
	 0.468 ml s-1
	 2.5 ml s-1

	1.5 M
	 100 s
	 0656 ml s-1 
	 2.5 ml s-1

	2.0 M 
	 100 s 
	 0.794 ml s-1
	 7.5 ml s -1 


[bookmark: _Toc167193585]Table 2 Rate calculations from experiment 1
The data from reaction of 1M HCl at 26 °C in experiment was used in experiments 2 and 3. 
[bookmark: _GoBack]
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	T 2 = 36 °C
	
	T 3 = 46 °C
	
	T 4 = 56 °C

	
	
	
	
	

	time, s
	V H2, mL
	
	time, s
	V H2, mL
	
	time, s
	V H2, mL

	 2
	 92
	
	 2
	 85
	
	 2
	 85

	 10
	 82
	
	 10
	 66
	
	 10
	 72

	 20
	 75
	
	 20
	 55
	
	 20
	 63

	 30
	 67
	
	 30
	 47
	
	 30
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	 40
	 59
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	 39
	
	 40
	 47

	 50
	 53
	
	 50
	 32
	
	 50
	 42

	 60
	 48
	
	 60
	 29
	
	 60
	 38

	 70
	 43
	
	 70
	 28
	
	 70
	 36

	 80
	 40
	
	 80
	 27
	
	 80
	 35

	 90
	 36
	
	 90
	 25
	
	 90
	 33

	 100
	 36
	
	 100
	 24
	
	 100
	 32

	 110
	 33
	
	 110
	 22
	
	 110
	 31

	 120
	 32
	
	 120
	 21
	
	 120
	 30

	 130
	 30
	
	 130
	 20
	
	 130
	 29

	 140
	 29
	
	 140
	 19
	
	 140
	 27

	 150
	 28
	
	 150
	 18
	
	 150
	 26

	 160
	 26
	
	 160
	 17
	
	 160
	 26


[bookmark: _Toc167193587]Table 4 Complete results from experiment 2
	temperature
	time to dissolve Mg
	average rate
	instantaneous rate at 

	
	
	
	t = 2 s

	T 1
	 160
	 0.468 ml s-1
	 2.5 ml s-1

	T 2
	 160
	 0.418 ml s-1
	 4 ml s-1

	T 3
	 160
	 0.430 ml s-1
	 7.5 ml s-1

	T 4
	 160
	 0.373 ml s-1
	 7.5 ml s-1


[bookmark: _Toc167193588]Table 5 Rate calculations from experiment 2

[bookmark: _Toc167193589]Table 6 Graph of results for experiment 2










[bookmark: _Toc167193574]Experiment 3
Experiment 3 suffered, during the addition of the Mg cuttings to the vial lots of the pieces stuck to the side and needed to be dislodged into the HCl. This meant there was a certain amount of reaction and evolved gasses not caught within the gas syringe. 
	T 1 =27 °C

	
	

	time, s
	V H2, mL
	

	 2
	 96
	

	 10
	 92
	

	 20
	 87
	

	 30
	 76
	

	 40
	 68
	

	 50
	 63
	

	 60
	 57
	

	 70
	 54
	

	 80
	 51
	

	 90
	 42
	

	 100
	 40
	

	 110
	 36
	

	 120
	 33
	

	 130
	 31
	

	 140
	 28
	

	 150
	 27
	

	 160
	 
	


[bookmark: _Toc167193590]Table 7 Complete results from experiment 3




	Mg turnings
	rate

	mass 
	moles
	average
	instantaneous  at t = 2 s

	 15.0001 g 
	 RAM = 24.305 g 

15.0001 g/24.305 g =0.617 mol
	 0.455 ml s-1
	 4 ml S-1 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


[bookmark: _Toc167193591]Table 8 Rate calculations from experiment 3
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[bookmark: _Toc167193576]Discussions
The results show that there is an increase of reaction rates when concentration is increased and when temperatures of reactions are increased. The results imply that there is a negative response to increased surface area. However as discussed in the results section this is believed to be due to an issue with the experimental procedure and human error. 
On the whole the experimental result agree with the hypothesis that reaction rates increase with increases of temperature and concentration. At this point I would suggest further testing of the surface area hypothesis. 
As well as the experimental problems discussed with experiments 1 & 3. There were a number of points from the experiments which introduce error into the data. 
· All measurements were taken by eye and therefore contain human error. 
· Reaction completion was judged by eye based on human opinion. 
· The experimental set up was based on a person trying to place the bung within the syringe without allowing any escaped gasses
· The timing of the runs was not started automatically. 
[bookmark: _Toc167193577]Future research
Further research into reaction rate differences due to increased surface areas would be of great benefit for the study of OME. As many explosive compositions are stored in solid form, differences in reaction rates due to differences of surface area would have a large baring on the manufacturing of explosives. 
There is already research into the effect of surface area on the properties of explosives:
This paper presents the first part of a two-fold molecular dynamics study of the impact of the granularity on the shock properties of high explosives. Recent experimental studies show that the granularity can have a substantial impact on the properties of detonation products. These variations can have two origins: the surface energy, which is a priori enhanced from micro- to nano-scale, and the porosity induced by the granular structure. [2]
This opens an interesting new direction for new manufacturing techniques with spray drying becoming an increasingly interesting subject matter:
Spray drying is a cost-effective and practical way of manufacturing nanoenergetic materials with novel properties. In this work, cyclotrimethylenetrinitramine (RDX)-based nanocomposite microparticles were prepared by spray drying. To understand the crystallization process during spray drying which is necessary for tailoring the high explosive crystal size, we characterized the nanostructure of the microparticles, which shows that: (1) the size of RDX crystals decreases radially across the microparticles from the center to surface, with RDX crystals on the surface generally within the range of hundreds of nanometers; (2) the droplet size has a considerable effect on the size distribution of RDX crystals in the microparticles; and (3) the binder is distributed uniformly inside the microparticles. The detailed characterization of the nanostructure of the microparticles sheds light on the crystallization of RDX during spray drying. The knowledge gained from this study can help improve the control of RDX crystal size during spray drying and enable achieving a material with near-optimal sensitivity and performance. [3]
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I. Effect of HCl concentration on the speed of H2 gas evolution
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. 
2. Pour the HCl solution with the lowest concentration into the test tube with arm. 
3. When ready, add a 4 cm strip of magnesium ribbon to the test tube, quickly put the bung back, and start the stopwatch.
4. Record the volume of hydrogen gas given off at suitable intervals (e.g. 10 seconds). Continue timing until no more gas is given off. 
5. After the reaction is completed, discard the reaction mixture in the waste beaker.
6. Measure the temperature of 1.0 M HCl.
7. Repeat the same experiment for three other concentrations of HCl.
Plot the graph (VH2 vs t) showing the change in volume of H2 gas over time for each concentration of HCl. 
For each concentration of HCl determine the:
1. Average rate of reaction (between t = 0s and t = t1; use the same t1 for all concentrations) 
2. Instantaneous rate of reaction at t = 0.





[bookmark: _Ref167177463][bookmark: _Toc167193581]Experimental procedure 2

II. Effect of temperature on the speed of H2 gas evolution
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 degC when compared to the initial temperature of 1 M HCl measured in the previous part. 
2. Pipette 20 mL of 1.0 M stock solution into three test tubes. 
3. 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. 
4. 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.
5. Continue timing until no more gas is given off. 
6. After the reaction is completed, discard the reaction mixture in the waste beaker.
7. Repeat the same experiment for two more temperatures (ideally 10  degC apart).
On the separate graph paper provided, plot the graph (VH2 vs t)) showing the change in volume of H2 gas over time for each temperature. 
For each concentration of HCl determine the:
1. 1 Average rate of reaction (between t = 0s and t = t1; use the same t1 for all concentrations. 
2. Instantaneous rate of reaction at t = 0.



[bookmark: _Ref167177549][bookmark: _Toc167193582]Experimental procedure 3

III. Effect of the surface area of Mg on speed of H2 gas evolution
1. Use the pipette to transfer 20 mL of 1 M HCl at room temperature into the test tube with arm. 
2. Quickly add the Mg turnings into the test tube, put the bung back, and start the stopwatch.
3. Continue timing until no more gas is given off. 
4. After the reaction is completed, discard the reaction mixture in the waste beaker.

Plot the graph (VH2 vs t)) showing the change in volume of H2 gas over time for each temperature. Determine the:
1. 1. Average rate of reaction (between t = 0s and t = t1; use the same t1 for all concentrations. 
2. Instantaneous rate of reaction at t = 0.
[bookmark: _Ref167177575][bookmark: _Toc167193583]Tools and equipment
· Long test tube with arm
· Gas syringe
· Rubber bung and delivery tube to fit the test tube
· Two large beakers for the water bath and reaction mixture
· Pipette and pipette filler
· Two clamp stands
· Test tube holder
· Thermometer 
· Ring stand, Bunsen burner, clay triangle 
· Stopwatch
· Graph paper
Chemicals
· Magnesium ribbon cut into 4 cm length and weighed 
· Magnesium  turnings (same mass as ribbon)
· Hydrochloric acid (2.0 M and 1.0 M)
· DI water

Experiment 1 Results 

Run 1 	 2	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100	 110	 120	 130	 140	 150	 160	5	20	34	40	45	52	58	63	66	69	71	72	73	74	75	76	76	Run 2	 2	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100	 110	 120	 130	 140	 150	 160	5	45	57	56	69	72	77	77	78	78	79	Run 3 	 2	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100	 110	 120	 130	 140	 150	 160	15	48	68	70	73	74	75	75	77	79	80	Time


Volume of H2




Experiment 2 results

Run 1	 2	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100	 110	 120	 130	 140	 150	 160	5	20	34	40	45	42	48	63	66	69	71	72	73	74	75	76	76	Run 2	 2	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100	 110	 120	 130	 140	 150	 160	8	18	25	33	41	47	52	57	60	64	64	67	68	70	71	72	74	Run 3 	 2	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100	 110	 120	 130	 140	 150	 160	15	34	45	53	61	68	71	72	73	75	76	78	79	80	81	82	83	Run 4	 2	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100	 110	 120	 130	 140	 150	 160	15	28	37	47	53	58	62	64	65	67	68	69	70	71	73	74	74	Time


Volume of H2




Experiment 3 results

Run 1	 2	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100	 110	 120	 130	 140	 150	 160	5	20	34	40	45	52	58	63	66	69	71	72	73	74	75	76	76	Run 2 	 2	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100	 110	 120	 130	 140	 150	 160	4	8	13	24	32	37	43	46	49	58	60	64	67	69	72	73	Time


Volume of H2
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