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[bookmark: _Toc192581618][bookmark: _Toc51833421][bookmark: _Toc197645056]Introduction
[bookmark: _Toc192581619][bookmark: _Toc197645057]Purpose of Experiment
The purpose of the experiment was to understand the effect that concentration, temperature, and surface area have on the rate of reaction. [1]
[bookmark: _Toc192581620][bookmark: _Toc197645058]Hypothesis 
An increase in concentration, temperature, and surface area would each accelerate the reaction rate. The increase in concentration was expected to provide more collisions, elevated temperatures increased the kinetic energy of the molecules, leading to more effective collisions, and a greater surface area was to offer more reactants to collide.
[bookmark: _Toc192581621][bookmark: _Toc197645059]Variables 
The variables of reaction rate are the concentration, the temperature, and the surface area. To accurately measure the concentration in part one of the experiment, the production of H2 gas was measured over time, to show the differing concentrations of gas production. To accurately measure the temperature in part two of the experiment, the production of H2 gas was measured over time, to show the differing temperature effects on the production of gas. To accurately measure the surface area in part three of the experiment, the production of H2 gas was measured over time, to show the differing surface area effect on the production of gas.
[bookmark: _Toc197645060]Chemical Equations
The rate of reaction can be calculated by the change in volume of H2 produced over the change in time. The units of rate are cm3/s 
[bookmark: _Toc197638179]Equation 1


[bookmark: _Toc192581623][bookmark: _Toc197645061]Data Analysis
[bookmark: _Toc192581625][bookmark: _Toc197645062]Experimental Data 
[bookmark: _Hlk197639392]I Effect of concentration of HCl on the speed of H2 gas evolution:
[bookmark: _Toc197645042]Table 1 - Concentration at 0.5M
[bookmark: _Toc197645043]Table 2 - Concentration at 1.0M
	0.5 M HCL
	
	1.0 M HCl

	
	
	T1 = 24.7

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

	0
	0
	
	0
	0

	20
	3
	
	10
	11

	40
	5
	
	20
	21

	60
	7.5
	
	30
	29

	80
	9
	
	40
	35

	100
	11
	
	50
	41

	120
	12.5
	
	60
	47

	140
	14
	
	70
	52

	160
	15
	
	80
	58

	180
	16
	
	90
	60

	200
	16
	
	100
	62.5

	220
	17
	
	110
	62.5

	240
	17
	
	120
	62.5

	260
	18.5
	
	130
	64

	280
	18.5
	
	140
	64

	300
	18.5
	
	150
	64

	320
	20.5
	
	160
	64

	340
	20.5
	
	170
	64

	360
	20.5
	
	180
	64

	380
	20.5
	
	
	

	400
	20.5
	
	
	

	420
	20.5
	
	
	

	440
	25
	
	
	

	460
	25
	
	
	

	480
	25
	
	
	

	500
	25
	
	
	

	520
	25
	
	
	

	540
	25
	
	
	

	560
	25
	
	
	

	580
	25
	
	
	

	600
	28
	
	
	

	620
	38.5
	
	
	

	640
	38.5
	
	
	

	660
	38.5
	
	
	



[bookmark: _Toc197645044]Table 3 - Concentration of 1.5M
[bookmark: _Toc197645045]Table 4 - Concentration at 2.0M
	1.5 M HCl
	
	2.0 M HCl

	
	
	

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

	0
	0
	
	0
	0

	10
	21
	
	10
	32

	20
	35
	
	20
	51

	30
	45
	
	30
	55

	40
	53
	
	40
	61

	50
	57
	
	50
	65

	60
	
	60
	68

	70
	62
	
	70
	70

	80
	65
	
	80
	70

	90
	67
	
	90
	70

	100
	69
	
	100
	70

	110
	69
	
	110
	70

	120
	70
	
	120
	70

	130
	71.5
	
	
	

	140
	71.5
	
	
	

	150
	71.5
	
	
	

	160
	71.5
	
	
	

	170
	71.5
	
	
	

	180
	71.5
	
	
	




[bookmark: _Toc197645034]Figure 1 - 0.5M of HCI
 
[bookmark: _Toc197645035]Figure 2 - 1.0M of HCI
 
[bookmark: _Toc197645036]Figure 3 - 1.5M HCI
 
[bookmark: _Toc197645037]Figure 4 - 2.0M of HCI



[bookmark: _Toc197645046]Table 5 - Concentration Rate Comparison
	[HCl]
	Time to dissolve Mg
	average rate 
	instantaneous rate at 

	 
	 
	 
	t = 0 s

	0.5 M
	660
	7.5/60
	0.13

	1.0 M
	150
	47/60
	35/40

	1.5 M
	130
	60/60
	53/40

	2.0 M 
	70
	68/60
	61/40





II. Effect of temperature on the speed of H2 gas evolution
[bookmark: _Toc197645047]Table 6 - Temperature at 36.5
[bookmark: _Toc197645048]Table 7 - Temperature at 43.3
	T 2 = 36.5
	
	T 3 = 43.3

	
	
	

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

	0
	0
	
	0
	0

	10
	15
	
	10
	20

	20
	25
	
	20
	30

	30
	37
	
	30
	38

	40
	47
	
	40
	45

	50
	51
	
	50
	51

	60
	57
	
	60
	55

	70
	61
	
	70
	58

	80
	63
	
	80
	58

	90
	63
	
	90
	59

	100
	63
	
	100
	60

	110
	64
	
	110
	60.5

	120
	64
	
	120
	62

	130
	66
	
	130
	62

	140
	66
	
	140
	64

	150
	66
	
	150
	65

	160
	67
	
	160
	65

	170
	67
	
	170
	65

	180
	68
	
	180
	66.5

	190
	68
	
	190
	66.5

	200
	68
	
	200
	67.5




[bookmark: _Toc197645038]Figure 5 - Temperature 36.5oC
 
[bookmark: _Toc197645039]Figure 6 - Temperature 43.3oC
[bookmark: _Toc197645049]Table 8 - Temperature Comparison Rate
	Temperature
	Time to dissolve Mg
	average rate
	instantaneous rate at 

	 
	 
	 
	t = 0 s

	T 1
	150
	52/70
	35/40

	T 2
	180
	61/70
	47/40

	T 3
	200
	58/70
	45/40







III.     Effect of the surface area of Mg on the speed of H2 gas evolution
[bookmark: _Toc197645050]Table 9 - Magnesium Shavings
	T 1 = 24.9

	
	

	time, s
	V H2, mL
	

	0
	0
	

	10
	8
	

	20
	14
	

	30
	19
	

	40
	24
	

	50
	30
	

	60
	34
	

	70
	37
	

	80
	41
	

	90
	45
	

	100
	47
	

	110
	50
	

	120
	53
	

	130
	55
	

	140
	57
	

	150
	59
	

	160
	60
	

	170
	61
	

	180
	61
	

	190
	62
	

	200
	62.5
	

	210
	63
	

	220
	63
	

	230
	63
	

	240
	63
	




[bookmark: _Toc197645040]Figure 7 – Magnesium Shavings
[bookmark: _Toc197645051]Table 10 - Magnesium Shavings Table
	Surface Area 
	Time to Dissolve Mg
	average rate
	instantaneous rate at 

	
	
	
	t = 0 s

	Ribbon
	150
	52/70
	35/40

	Shavings
	210
	37/70
	24/40



[bookmark: _Toc197645063]Key Findings
The experimental data produced throughout the experiments overwhelmingly support the hypothesis stated. The rate of reaction increased when the concentration, temperature, and surface area were increased. The following graphs outline the increase in reaction rate for each of the variables.



[bookmark: _Toc192581624][bookmark: _Toc197645064]Discussion
[bookmark: _Toc197645065]Interpretation of experimental results
The experimental data from all three experiments show that with an increase in concentration, temperature, and surface area the rate of reaction increases. In experiment 1 the higher concentrations yield faster and more complete results. These results are consistent with collision theory that more CI- ions increased the likelihood of collisions with the magnesium atoms, which leads to faster H2 production. In experiment two the higher temperature leads to more molecules having higher kinetic energy which leads to more successful reactions, this higher energy leads to more frequent and energetic reactions. The greater the surface area leads to faster rate of reaction due to more available reaction sites for CI- to react with the magnesium. Through analysis of the experimental data, it helps to support the hypothesis stated in section 1.2.
[bookmark: _Toc192581626][bookmark: _Toc197645066]OME Applications 
Kinetics play a huge role in the research and development, production, and use of explosive materials in the OME field. Kinetics and the mechanisms of thermal decomposition both play a role in the effectiveness and the sensitive of the explosive material [2]. Kinetics determine materials detonates or deflagrates, in the OME field high explosives materials such as RDX need fast kinetics to detonate whereas low explosive materials such as propellants burn more slowly to give a more controlled burn.
[bookmark: _Toc192581627][bookmark: _Toc197645067]Limitations and Errors 
The main error encountered was within experiment three was that the total magnesium shavings were poured into the test tube. This led to an inaccurate result where the increased surface area didn’t increase the rate of reaction. After comparison with peers completing the same experiment, it was deemed that the experiment data obtained in experiment three was an error.


[bookmark: _Toc290554239][bookmark: _Toc299621204][bookmark: _Toc299631429][bookmark: _Toc299631491][bookmark: _Toc299631581][bookmark: _Toc299631657][bookmark: _Toc192581628][bookmark: _Toc197645068]Conclusions
[bookmark: _Toc192581629][bookmark: _Toc197645069]Summary
To conclude, the experimental data proved that the hypothesis for section 1.2 was correct.  An increase in concentration, temperature, and surface area increases the rate of reaction. The increase in the variables shows that the rate of increase is not proportional to the order of magnitude of the increase.
[bookmark: _Toc197645070]Future Research
To further future research and improve the experiment, an investigation into the effect of catalysts on reaction rates, would help to show a how lowering the activation energy leads to increased reaction rates. The same acid and metal were used in all experiments, using different metals and acids would lead to comparison of the reactivity trends across all different variables.
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Lab tools and supplies
Chemicals
· DI Water
· 2M HCI
· Magnesium Ribbon
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

Procedure
1. 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. 
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.


1. 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. 
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 degC apart).

1. 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. 
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.


[bookmark: _Toc197645073]: Scan of Data Sheet[image: ] [image: ] [image: ]
0.5M HCl

V H2, mL	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	300	320	340	360	380	400	420	440	460	480	500	520	540	560	580	600	620	640	660	0	3	5	7.5	9	11	12.5	14	15	16	16	17	17	18.5	18.5	18.5	20.5	20.5	20.5	20.5	20.5	20.5	25	25	25	25	25	25	25	25	28	38.5	38.5	38.5	


1.0M HCl

V H2, mL	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	0	11	21	29	35	41	47	52	58	60	62.5	62.5	62.5	64	64	64	64	64	64	


1.5 M HCl 

1.5 M HCl	V H2, mL	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	0	21	35	45	53	57	60	62	65	67	69	69	70	71.5	71.5	71.5	71.5	71.5	71.5	


2.0 M HCl 

2.0 M HCl	V H2, mL	0	10	20	30	40	50	60	70	80	90	100	110	120	0	32	51	55	61	65	68	70	70	70	70	70	70	


T 2 = 36.5 

T 2 = 36.5	V H2, mL	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	0	15	25	37	47	51	57	61	63	63	63	64	64	66	66	66	67	67	68	68	68	


T 3 = 43.3 

T 3 = 43.3	V H2, mL	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	0	20	30	38	45	51	55	58	58	59	60	60.5	62	62	64	65	65	65	66.5	66.5	67.5	


Mg Shavings

T 1 = 24.9	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	0	8	14	19	24	30	34	37	41	45	47	50	53	55	57	59	60	61	61	62	62.5	63	63	63	63	
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