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1. [bookmark: _Toc167341957]Introduction

The lab was carried out to find the effects that different constant have on the rate of reactions in chemistry. A controlled experiment was carried out of reacting magnesium (Mg) in an excess of hydrochloric acid (HCL). The variables that were investigated where: 
· The concentration of HCl
· Temperature of HCl
· Surface area of the Mg
A baseline rate of reaction will be taken for a 4cm strip of magnesium ribbon reacting with 1.0 M of HCl at standard temperature and pressures and will act as the control to compare to.

The hypothesis of the experiment is that the rate of reaction will increase as we increase the variables being tested. The different variables will affect the reaction differently; however all of them will increase the rate of reaction. The independent variables will be the changes we make to the base experiment, in this case the concentration, temperature and surface area of Mg. The dependant variable is the rate of reaction taking place and the control variable is the amount of Mg in grams being used in each reaction.  


The following equation shows the relationship of the rate reaction:
(Eq.1)

Rate= the rate of the reaction (cm3/s)
 = the amount of hydrogen produced in the reactions (cm3)
= the time scale of the reaction(s)


When hydrogen chloride reacts with magnesium, a chlorine salt is produced alongside hydrogen gas [1] in the following reaction:
(Eq.2)
2HCl + Mg => MgCl2 + H2

As the magnesium will be the limiting reagent in each of the equations the volume of hydrogen gas produced can be used to measure how the reaction is proceeding.


2. [bookmark: _Toc167341958]Results

[bookmark: _Toc167341959]Effect of concentration of HCl on speed of H2 gas
The following results were observed when different moles of HCl was reacted with magnesium ribbon in a test tube. The volume represents the ml of gas produced by the reaction:

	1.0M HCl
	
	1.5M HCl
	
	2.0M HCl

	T 1 =10
	
	T 1 =10
	
	T 1 =10

	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
	90
	
	80
	83

	90
	69
	
	90
	91
	
	90
	83

	100
	72
	
	100
	91.5
	
	100
	83

	110
	72
	
	110
	91.5
	
	110
	83

	120
	73
	
	120
	91.5
	
	120
	83

	130
	73
	
	130
	91.5
	
	130
	83



The data from the tables have been plotted on to the following graph to show volume of H2 over time:

The rate of reaction at the start of the graph is found by finding the gradient of the graph at t=0s. Using T=10s we can calculate the rate of the instantaneous rate of the reaction further along the reaction by also finding the gradient at that point. An average rate of reaction can then be found by finding the slope of the line between these two points which can also be found by using Eq.1.
Average rate of reaction (cm3/s):
	
	1.0M
	1.5M
	2.0M

	Rate of reaction
	1.3
	3.2
	3.8




[bookmark: _Toc167341960]Effect of temperature on the speed of H2 gas produced.

	59 oC
	
	50 oC
	
	40 oC

	T 1 =10
	
	T 1 =10
	
	T 1 =10

	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
	20

	20
	34
	
	20
	34
	
	20
	33

	30
	42
	
	30
	45
	
	30
	43

	40
	49
	
	40
	53
	
	40
	49

	50
	54
	
	50
	58
	
	50
	55

	60
	58
	
	60
	63
	
	60
	59

	70
	61
	
	70
	66
	
	70
	63

	80
	63
	
	80
	67
	
	80
	65

	90
	64
	
	90
	69
	
	90
	67

	100
	65.5
	
	100
	70
	
	100
	68

	110
	66.5
	
	110
	71
	
	110
	69

	120
	67
	
	120
	72
	
	120
	70

	130
	68.5
	
	130
	73
	
	130
	71

	140
	69.5
	
	140
	73.5
	
	140
	72

	150
	70
	
	150
	
	
	150
	72

	160
	71
	
	160
	
	
	160
	

	170
	71
	
	170
	
	
	170
	




The data from the tables have been plotted on to the following graph to show volume of H2 over time:


Average rate of reaction (cm3/s):
	
	59 oC
	50 oC
	40 oC

	Rate of reaction
	2.2
	1.9
	1.65




[bookmark: _Toc167341961]Effect of surface area on the rate of H2 gas produced.

The volume if H2 against time has been plotted on the following graph along with the control sample. The mass of Mg used in each reaction was 0.083g with a maximum error of ± 0.005g’s. The rate of reaction for the trimming is 1.0.
	T 1 =10

	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



3. [bookmark: _Toc167341962]Discussion

The results where mostly what I would have expected from the hypothesis as they showed how the rates of reactions increase as the variables increase. For the first test as the concentration of HCl increases, the rate of the reaction increases. This is because at higher concentrations there are more HCl atoms in the aqueous solution. As Mg is the limiting reagent it means that there are more HCl atoms present, increasing the chances of a Mg atom reacting with a HCl atom [2]. As such this will increase the speed at which H2 is produced and the rate of the reaction as a result.

For the second test temperature of the HCl solution was changed. As the temperature increases the vibrations and energy of the atoms in the solutions increase [3], causing the atoms of HCl to come in to contact more with Mg atoms, increasing the speed of the reaction. As the over all energy of HCl is increased, some atoms that may have previously not been able to have the activation energy to start the reaction at colder temperatures, now can over come the activation energy and react.  For the final test as the surface area of the Mg metal was increased there were more chances for the HCl to come in to contact with it, speeding up the reaction [4]. However, as the cross-sectional area of the Mg ribbon was very small, the amount of additional area exposed to the HCl was also small, leading to the change of rate in reaction not being as great as the two other variables. Powdered Mg would be more suitable as an addition test as it should have a more substantial rate in clear over the Mg turnings due to the substantially higher surface area.

This is relevant to OME as explosives depend on a fast reaction to create high detonation pressure [5]. Without changing the chemistry of the explosives, the experiment shows that the detonation velocity can be increased by raising the yield of the explosive change, in turn raising the internal temperature, but also by suspending a powder form of explosive rather than using solid explosives will also increase the rate of detonation.

The primary sources of potential errors in the experiment where:
· Putting the bung into the test tube was not perfect done and could have caused a leak of the initial hydrogen produced, lowing the recorded initial rate.
· Not all the magnesium was of the same mass. While accounted for in some tests, the mass being identical for the baseline test and the trimmings test, it did mean that there where different volumes of hydrogen produced for some of the experiments potentially causing errors with the rate calculations.
· It was not realised until part way though the experiment that the gas syringe plunger should be whipped clean after every test. Before we started doing this the gas syringe did not run as smoothy as it probably should, causing issues in reading some results.


4. [bookmark: _Toc167341963]Conclusion 

The findings of the experiment supported the hypothesis, which was to test to see if changing the variables in a reaction would change its rate. Increasing the concentration of the HCL solution had the greatest increase of the rate of reaction, with the change in temperature having the second highest change of rate. If the temperature of the HCl solution was increased further the experiment suggests that it would further increase the rate of reaction, however heating the acid to much could potentially become a safety hazard. The increase surface area changed the rate of reaction the least, however this is most likely due to the small change in surface area.
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6. [bookmark: _Toc167341965]Appendix 
[bookmark: _Toc167341966]Equipment
· Long test tube with arm
· Gass syringe
· Rubber bung
· Two large beakers for the water bath
· pipette and pipette filler 
· Two clamp stands
· Test tube holder
· Thermometer
· Ring stand
· Bunsen burner
· Clay triangle
· Stopwatch
[bookmark: _Toc167341967]Chemicals
· six strands of 4cm magnesium ribbon, weighed
· magnesium turnings of the same mass as one piece of ribbon
· Hydrochloric acid (2.0 M and 1.0 M)
· Deionised water


[bookmark: _Toc167341968]Method 1- Find the effects of HCL concentration on the speed of H2 gas evolution

· Prepare three 20mL solutions of HCl, one of 2.0M, one of 1.5M and the final of 1.0M
· Pour one solution in to the test tube with arm, and make sure that the arm is connected to a zeroed gas syringe
· Add a strip of magnesium ribbon and start the stopwatch
· Record the volume of gas produced every 10 seconds until the reactions stops
· Discard all waste in to a waste beaker and rinse out the apparatus with the DI water
· Repeat with the remaining concentrations of HCl

[bookmark: _Toc167341969]Method 2- Find the effects of HCL temperature on the speed of H2 gas evolution
· Set up a water bath using the Bunsen burners and a beaker of water
· Submerge three test tubes of 20mL of 1.0M HCl into the water bath
· Wait until the temperature of the acid inside the test tubes reach the temperature of the water bath
· Transfer the HCl from one test tube in to the the tube with arm and add a ribbon of Mg
· Add the bung and start he stopwatch 
· Record the volume of gas produced every 10 seconds until the reactions stops
· Discard all waste into a waste beaker and rinse out the apparatus with the DI water
· Increase the temperature of the water bath and then repeat with the remaining concentrations of HCl
Method 3- Find the effects of Mg surface area on the speed of H2 gas evolution
· Transfer 20mL of HCl to the pipet with arm at room temperature
· Add the Mg turnings of known mass to the test tube, add the bung and start he stopwatch 
· Record the volume of gas produced every 10 seconds until the reactions stops
· Discard all waste into a waste beaker and rinse out the apparatus with the DI water
· Increase the temperature of the water bath 
the volume of H2 in realtion to time

1.0 M 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	0	13	24	34	43	49	55	61	65	69	72	72	73	73	1.5 M	0	10	20	30	40	50	60	70	80	90	100	110	120	130	0	32	54	67	76	80	82.5	85	90	91	91.5	91.5	91.5	91.5	2.0 M	0	10	20	30	40	50	60	70	80	90	100	110	120	130	0	38	59	64	70	75	79	81	83	83	83	83	83	83	Time (s)


Volume of H2 (cm3)




The volume of H2 produced over time

59 C	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	0	22	34	42	49	54	58	61	63	64	65.5	66.5	67	68.5	69.5	70	71	71	50 C	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	0	19	34	45	53	58	63	66	67	69	70	71	72	73	73.5	40 C	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	0	20	33	43	49	55	59	63	65	67	68	69	70	71	72	72	Time (s)


The temoreture of HCl (C)




Volume of H2 produced over time

Mg Ribbon	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	Mg Turnings	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	0	13	24	34	43	49	55	61	65	69	72	72	73	73	Time (s)


Vomule of H2 produced (Cm3)
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