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[bookmark: _Toc167320295]Introduction:
[bookmark: _Toc167320296]Purpose of the experiment:
The purpose of the experiment was to determine the effect of temperature, surface area and concentration on the rate of reaction. 
[bookmark: _Toc167320297]Hypotheses:
The higher the temperature, the faster the rate of reaction.
The higher the concentration of the HCl, the faster the rate of reaction.
The larger the surface area of the Mg, the faster the rate of reaction.
[bookmark: _Toc167320298]Variables:
Independent – Temperature / Concentration of the HCl / Surface area of the Mg
Dependant – The volume of H2 gas produced every 10 seconds and the total time for the reaction to finish.
Control:
· Gas syringe used to measure
· Cleaning process between iterations
· Time elapsed between readings
· Set up used to collect measurements
· Temperature of the HCl when changing the concentration
· Concentration of HCl when changing the temperature
[bookmark: _Toc167320299]Equations & Terms:
Rate = ΔVH2 / Δt	Eq.1
Mg (s) + 2HCl (aq) → MgCl2 (aq) + H2 (g)	Rxn.1
[bookmark: _Toc167320300]Results:
[bookmark: _Toc167320301]Concentration:
	Mg
	2 M HCl

	Mass (g)
	Moles (3.d.p)
	Volume (mL)
	Moles

	0.0830
	3.458×10-3
	10
	1

	0.0890
	3.417×10-3
	15
	1.5

	0.0808
	3.367×10-3
	20
	2


Table 1
All results taken at 24°C:
	1.0 M HCl
	
	1.5 M HCl
	
	2.0 M HCl

	Time (s)
	V H2 (mL)
	
	Time (s)
	V H2 (mL)
	
	Time (s)
	V H2 (mL)

	0
	0
	
	0
	0
	
	0
	0

	10
	13
	
	10
	32
	
	10
	38

	20
	24
	
	20
	54
	
	20
	59

	30
	34
	
	30
	67
	
	30
	64

	40
	43
	
	40
	76
	
	40
	70

	50
	49
	
	50
	80
	
	50
	75

	60
	55
	
	60
	82.5
	
	60
	79

	70
	61
	
	70
	85
	
	70
	81

	80
	65
	
	80
	88
	
	80
	83

	90
	69
	
	90
	90
	
	90
	83

	100
	72
	
	100
	91
	
	100
	83

	110
	72
	
	110
	91.5
	
	110
	83

	120
	73
	
	120
	91.5
	
	120
	83

	130
	73
	
	130
	91.5
	
	130
	83


Table 2


	HCl (mol)
	Time to dissolve Mg (s)
	Average Rate (cm3s-1) (2.d.p)
	Instantaneous rate at t=5 (cm3s-1)

	1.0
	120
	0.61
	1.3

	1.5
	110
	0.83
	3.2

	2.0
	83
	1.04
	3.8


Table 3
[bookmark: _Toc167320302]Temperature:
	Mg
	Temperature (°C)

	Mass (g)
	Moles (3.d.p)
	

	0.0780
	3.250×10-3
	T1
	59

	0.0787
	3.279×10-3
	T2
	50

	0.0782
	3.258×10-3
	T3
	40

	0.0830
	3.458×10-3
	T4
	24


Table 4
All results taken with 1 mol HCl:
	T1=59°C
	
	T2=50°C
	
	T3=40°C

	Time (s)
	V H2 (mL)
	
	Time (s)
	V H2 (mL)
	
	Time (s)
	V H2 (mL)

	0
	0
	
	0
	0
	
	0
	0

	10
	22
	
	10
	19
	
	10
	33

	20
	34
	
	20
	34
	
	20
	43

	30
	42
	
	30
	45
	
	30
	49

	40
	49
	
	40
	53
	
	40
	55

	50
	54
	
	50
	58
	
	50
	59

	60
	58
	
	60
	65
	
	60
	63

	70
	61
	
	70
	66
	
	70
	66

	80
	63
	
	80
	67
	
	80
	67

	90
	64
	
	90
	69
	
	90
	68

	100
	65.5
	
	100
	70
	
	100
	69

	110
	66.5
	
	110
	71
	
	110
	70

	120
	67
	
	120
	72
	
	120
	71

	130
	68.5
	
	130
	73
	
	130
	71

	140
	69.5
	
	140
	73.5
	
	140
	71

	150
	70
	
	150
	73.5
	
	150
	71

	160
	71
	
	160
	73.5
	
	160
	71

	170
	71
	
	170
	73.5
	
	170
	71


Table 5


	Temperature (°C)
	Time to dissolve Mg (s)
	Average Rate (cm3s-1) (2.d.p)
	Instantaneous rate at t=5 (cm3s-1)

	59
	160
	0.44
	2.2

	50
	140
	0.53
	1.9

	40
	120
	0.59
	3.3

	24
	120
	0.61
	1.3


Table 6
[bookmark: _Toc167320303]Surface Area:
1.0 mol HCl Used:
	T1=59°C

	Time (s)
	V H2 (mL)

	0
	0

	10
	10

	20
	17

	30
	24

	40
	29

	50
	35

	60
	40

	70
	44

	80
	48

	90
	51

	100
	54

	110
	57

	120
	60

	130
	62

	140
	64

	150
	68

	160
	68

	170
	69


Table 7


	Mg Turnings
	Rate (cm3s-1)

	Mass (g)
	Moles (3.d.p)
	Average
	Instantaneous at t=5 (cm3s-1)

	0.0830
	3.458×10-3
	0.41
	1


Table 8
[bookmark: _Toc167320304]Discussion:
The results collected show that an increase in the concentration of the HCl increased the rate of reaction. This is because the higher concentration means more particles of HCl are present in the same area and therefore likely to collide with the Mg strip.
The temperature graph shows that the results were inconsistent with what would be expected. In theory, the increased temperature would result in the particles in the aqueous solution to be moving with more energy and therefore more likely to collide with Mg. The results collected show the 40°C instance of the experiment having the fastest rate of reaction.
Lastly, the results of using Mg turnings instead of a strip provided an unexpected result. Increasing the surface area of a reactant should increase the rate of reaction, however, the observed results show the Mg strip having a much larger rate of reaction. This is likely due to not closing the test tube with the bung quickly enough and the very fast reaction that was observed allowed much of the H2 gas that would be collected and measured to escape the system and as a result the final graph is missing the very beginning of the reaction.
Possible sources of error:
· Being unable to accurately read the gas syringe due to the clamp stand (was rectified after the concentration experiments)
· Not cleaning the syringe between attempts lead to more friction therefore the gas could not push the inside to accurately represent the gas contents.
· Not closing the test tube quickly enough after dropping the Mg in to begin the reaction. This leads to some gas going unaccounted for in each experiment and the larger the initial rate of reaction, the more would be lost at the beginning.
· The test tubes may not have spent adequate time in the water bath to increase the temperatures so the real temperatures may have been lower than the measure value.
In an OME context, explosives have an extremely high rate of reaction. The faster the rate of reaction the stronger the blast. “The rate of reaction of an explosive determines the detonation speed and therefore the power level at which a detonation operates on inert materials” [1]. This tells us that there is a relationship between the rate of reaction of an explosive and the damage that explosive can do to its surroundings. It has also been noted that by applying strong electrical fields to some explosives, the rate of reaction increases and the output detonation is more powerful and produces a stronger shockwave [2].

[bookmark: _Toc167320305]Conclusion:
In conclusion, the results for the changes in concentration agree with the hypothesis however, the results from the changed temperature contradicted the hypothesis. This may be attributed to various flaws in the procedure causing the measured temperatures to be inaccurate. The change in surface area also did not match the hypothesis but this is likely due to not stopping the bung onto the test tube in time and due to the speed of the reaction, the moments of the reaction where the rate was highest were not recorded.
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[bookmark: _Toc167320307]Appendix A: Materials & Method
Materials:
· 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
Method:
· Prepare three 20 mL solutions of HCl with the concentrations 2.0 mol, 1.5 mol and 1.0 mol respectively.
· Set up clamp stand with gas syringe.
· Place the first test tube into the clamp.
· When ready, place a strip of magnesium (of known mass) into the tube and quickly place bung into tube to seal it.
· Take measurements of the volume every 10 seconds until the reaction finishes.
· Repeat with other concentrations.
· Set up the water bath.
· Prepare 3 test tubes with 20 mL of 1.0 mol solution.
· Place the first into the water bath and begin heating until the temperature of the water is 40°C.
· Remove and place in clamp then begin experiment as before.
· Repeat with 2 further increased temperatures.
· Prepare test tube with 20 mL of 1 mol HCl at room temperature.
· Quickly add Mg turnings and place bung.
· Record as before; take measurements every 10 seconds.
· Plot graphs of VH2 against t for all experiments.
Temperature

59°C	0	22	34	42	49	54	58	61	63	64	65.5	66.5	67	68.5	69.5	50°C	0	19	34	45	53	58	65	66	67	69	70	71	72	73	73.5	40°C	0	33	43	49	55	59	63	66	67	68	69	70	71	71	71	24°C	0	13	24	34	43	49	55	61	65	69	72	72	73	73	73	t (s)


V H2 (mL)




Surface Area

Mg Turnings	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	0	10	17	24	29	35	40	44	48	51	54	57	60	62	64	68	68	69	Mg Strip	0	13	24	34	43	49	55	61	65	69	72	72	73	73	73	73	73	73	t (s)


V H2 (mL)




Concentraition

1.0 Mol	10	20	30	40	50	60	70	80	90	100	110	120	130	140	22	34	42	49	54	58	61	63	64	65.5	66.5	67	68.5	69.5	1.5 Mol	19	34	45	53	58	65	66	67	69	70	71	72	73	73.5	2.0 Mol	33	43	49	55	59	63	66	67	68	69	70	71	71	71	t (s)


V H2 (mL)




2

