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[bookmark: _Toc172022338]Introduction
[bookmark: _Toc311194473][bookmark: _Toc172022339] Purpose of the experiment
The purpose of the rate of reaction experiment is to calculate how quickly a reactant becomes a product in a chemical reaction. For this experiment the reactants are Magnesium (Mg) and Hydrochloric Acid (HCl) and the product is Hydrogen gas (H). As a Catalyst will not be used, the rate of reaction will vary based on three key variables: the concentration of HCl, the temperature, and the surface area of the Mg. The aim of the experiment is demonstrating the effect of increasing each of these has on the rate of reaction.
[bookmark: _Toc172022340]Hypothesis
Hypothesis 1:
When the concentration of HCl is increased the rate of reaction will increase. This is because the higher the concentration the more reactant particles there will be. This will create more collisions increasing the opportunity for reactions.
Hypothesis 2:
Increasing the temperature will increase the rate of reaction. This is because increasing the temperature will increase the kinetic energy of the particles, meaning that particle collisions will happen more often and have a higher energy increasing the chance for them to reach the Activation energy (Ea)
Hypothesis 3:
Increasing the surface area will increase the rate of reaction. This is because a higher surface area will enable more particle collisions to take place within a set amount of time. This increased number of collisions increases the chances for reactions to take place.

[bookmark: _Toc172022341]Variables
The independent variable with change depending on the test being carried out, it may be the concentration of HCl, the temperature of HCl, or the surface area of the magnesium. The dependent variable is the amount of gas produced and the rate it is produced at. The controlled variables are volume of HCl, mass of magnesium, temperature of reaction, surface area of magnesium.
[bookmark: _Toc172022342]Theory
Rate law explains the relationship between reaction rate and concentrations over time. [1] For a reaction to occur, the molecules of the reactants must meet (collide). So, high concentrations of a contaminant are more likely to collide than low concentrations. Thus, the reaction rate must be a function of the concentrations of the reacting substances. The mathematical expression of this function is known as the “rate law.” 
Rate constants () are used to symbolise other variables of a reaction, for example temperature or catalyst. They are calculated using the Arrhenius equation  .
	Where  = rate constant A = Constant for material Ea = Activation energy
R = gas constant (8.314J/mol-K) T = Temperature


[2] Order of reaction of a reactant can be defined as the power to which the concentration of that reactant is raised in the rate equation. It shows how the rate of reaction depends on each reactant concentration. Orders of reactions are found through experimentation. If , then The order of reaction with respect to the concentration to A is 1, first order. The order of reaction with respect to the concentration of B is 2, second order. The overall order of reaction is 3, third order.
Rate of reaction is the measure of how quickly reactants are converted into products. The rate of reaction measured by knowing how much product was formed over a period of time. Solids would be usually measured in grams, and Gases are usually measured in cm3. The equation to calculate this is 	
[3] Collision theory is a theory which states chemical reactions are the result of collisions between molecules or atoms. According to collision theory the rate of reaction will depend on, the rate of collisions between molecules, the activation energy and molecular orientation. Activation energy (Ea) is the amount of energy required to break the bonds of reactants for new products to be created. [4] To get the bonds into a state that allows them to break, the molecule must be contorted (deformed, or bent) into an unstable state called the transition state. The transition state is a high-energy state, and some amount of energy – the activation energy – must be added in order for the molecule to reach it. This energy usually comes from a source of heat, increasing the force and frequency of collisions and increasing the likelihood of bonds breaking.
Rate of reaction has many real-world applications. [5] Knowing the rate of chemical reactions under certain conditions, for example, temperature and pressure, also enables you to optimise production and minimise waste. This is very important in industrial production, such as chemical manufacturing, where a miscalculation could potentially result in millions of pounds worth of losses.
One of the ways in which Kinetics is used in OME is to give an estimated lifetime of explosives. [6] Two different kinetic models have been used to determine the activation energy belonging to the de-composition process of the explosives. After ageing the samples, again the activation energy is deter- mined. This may give an indication for the lifetime of the explosive.
Nazarian and Presser explain how using Kinetics to build up a database of homemade explosives is helping to combat terrorism. [7] A database would reduce HME identification uncertainty (e.g., mixture composition, preparation history, possible precursor sources) and forensic processing time. The availability of accurate HME data can be also used by the forensic science community to help law enforcement and military agencies disrupt or discourage the manufacture of HME chemical formulations, and provide protocols for safe HME disposal.
The Propellants, Explosives and Pyrotechnics Journal discuss how Kinetics are used to understand the composition and activation energy of explosives. This is very important in maintaining the stability and therefore the safety of explosives. [8] The compatibility of these composition explosives was evaluated by DSC and TGA according to the STANAG 4147 standard. The decomposition activation energy was calculated by the Kissinger and Ozawa methods.


[bookmark: _Toc172022343]Practical
[bookmark: _Toc172022344]Data and Calculations
Balanced Equation for the reaction between Magnesium and Hydrochloric acid.
Mg (s) + HCl (l)  Mg Cl2 (l) + H2 (g)
 Mg (s) + 2HCl  MgCl2 (l) + H2 (g)

	Mg
	2 M HCl

	Mass (g 3 d.p)
	[bookmark: OLE_LINK1]Moles x10-3 (2 d.p)
	Volume (ml)
	Moles (mol)

	0.088
	3.62
	10
	0.02

	0.094
	3.87
	15
	0.03

	0.084
	3.46
	20
	0.04

	0.079
	3.25
	10
	0.02

	0.088
	3.62
	10
	0.02

	0.077
	3.17
	10
	0.02


[bookmark: _Toc172022322]Table 1- Moles of Reactants


 Test 1 – Effect of concentration
	Test 1
	Test 2
	Test 3

	HCL
	1.0M
	HCL
	1.5M
	HCL
	2.0M

	Temperature
	28C
	Temperature
	N/A
	Temperature
	N/A

	Mg
	0.088g
	Mg
	0.094g
	Mg
	0.084g

	Time (s)
	V H2, cm3
	Time (s)
	V H2, cm3
	Time (s)
	V H2, cm3

	0
	0
	0
	0
	0
	0

	10
	16
	10
	28
	10
	44

	20
	24
	20
	45
	20
	60

	30
	33
	30
	56
	30
	65

	40
	41
	40
	62
	40
	71

	50
	48
	50
	67
	50
	75

	60
	55
	60
	71
	60
	78

	70
	61
	70
	75
	70
	80

	80
	65
	80
	79
	80
	81

	90
	70
	90
	81
	90
	81

	100
	72
	100
	84
	100
	81

	110
	73
	110
	86
	110
	81

	120
	73
	120
	87
	
	

	130
	75
	130
	89
	
	

	140
	75
	140
	91
	
	

	150
	76
	150
	91
	
	

	160
	77
	160
	91
	
	


[bookmark: _Toc172022323]Table 2 - Table of Concentration Results
	HCl
	Time to dissolve Mg
	Average rate
	Instantaneous Rate at

	
	
	
	t = 0

	1.0
	160
	0.96
	1.2

	1.5
	140
	1.34
	2.25

	2.0
	80
	1.5
	3


[bookmark: _Toc172022324]Table 3 - Concentration Rates
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[bookmark: _Toc172022329]Figure i - 1.0M HCl 28C 0.088g Solid Mg
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[bookmark: _Toc172022330][bookmark: OLE_LINK2]Figure ii - 1.5M HCl 28C 0.94g Solid Mg
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[bookmark: _Toc172022331]Figure iii - 2.0M HCl 28C 0.84g Solid Mg
Test 2 – Effect of Temperature
	Test 4
	Test 5
	Test 6

	HCL
	1.0M
	HCL
	1.0M
	HCL
	1.0M

	Temperature
	55C
	Temperature
	45C
	Temperature
	35C

	Mg
	0.079g
	Mg
	0.088g
	Mg
	0.077

	Time (s)
	V H2, cm3
	Time (s)
	V H2, cm3
	Time (s)
	V H2, cm3

	0
	0
	0
	0
	0
	0

	10
	20
	10
	25
	10
	16

	20
	31
	20
	40
	20
	30

	30
	38
	30
	50
	30
	40

	40
	45
	40
	56
	40
	48

	50
	48
	50
	64
	50
	55

	60
	52
	60
	69
	60
	62

	70
	55
	70
	73
	70
	66

	80
	55
	80
	75
	80
	69

	90
	56
	90
	76
	90
	70

	100
	57
	100
	77
	100
	71

	110
	57
	110
	77
	110
	72

	120
	57
	120
	78.5
	120
	73

	130
	57
	130
	78.5
	130
	73

	
	
	140
	80
	140
	74

	
	
	150
	80
	150
	74.5

	
	
	160
	80
	160
	75

	
	
	
	
	170
	75.5

	
	
	
	
	180
	76

	
	
	
	
	190
	76


[bookmark: _Toc172022325]Table 4 - Table of Temperature Results
	[bookmark: _Toc172022326]Test Reference on Graph
	Temperature (C)
	Time to Dissolve
	Average Rate
	Instantaneous Rate at:

	
	
	
	
	t = 0

	Test 1
	28
	160
	0.96
	1.2

	Test 6
	35
	170
	1.5
	1.5

	Test 5
	45
	140
	1.28
	2

	Test 4
	55
	100
	0.96
	1.55


Table 5 - Temperature Rates
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[bookmark: _Toc172022332]Figure iv- 2.0M HCl 55C 0.79g Solid Mg
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[bookmark: _Toc172022333]Figure v - 2.0M HCl 45C 0.88g Solid Mg
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[bookmark: _Toc172022334]Figure vi - 2.0M HCl 35C 0.77g Solid Mg


Test 3 – Surface Area
	HCl
	2.0
	Temperature (C)
	28

	Mg
	0.088
	
	

	Time (s)
	V H2, cm3
	Time (s)
	V H2, cm3

	0
	0
	110
	60

	10
	12
	120
	62

	20
	23
	130
	64

	30
	28
	140
	65

	40
	32
	150
	66

	50
	38
	160
	67

	60
	45
	170
	68

	70
	49
	180
	69

	80
	53
	190
	70

	90
	56
	200
	70

	100
	58
	210
	71


[bookmark: _Toc172022327]Table 6 - Surface Area Results
	Mg Turnings
	Rate

	Mass (g)
	Moles x10-3 (2 d.p)
	Average
	Instantaneous at t =

	0.088
	3.62
	0.76
	1.15


[bookmark: _Toc172022328][bookmark: _Toc51833421]Table 7 - Surface Area Rates
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[bookmark: _Toc172022335]Figure vii - 2.0M HCl 28C 0.88g Mg Turnings
[bookmark: _Toc172022345]Observations, Results and Discussion
The data from the experiment largely supports the hypothesis. It supports the theory that increasing the concentration of HCl would increase the reaction rate by increasing the opportunity of successful collisions. The result data shows that more gas was produced, and that it was produced at a faster rate. The results of the experiment suggest that increasing the concentration of the HCl appears to be the most effective way of increasing the reaction rate. It is noticeable that doubling the concentration of the HCl didn’t double the reaction rate. This is in line with rate law as , therefore doubling the concentration would increase the rate by a factor of 2 rather than doubling it.
Likewise, the data also proves that the theory of hypothesis 2, which was increasing the temperature would increasing the number of and energy of collisions, thus increasing successful collisions, was also correct. Again, more hydrogen gas was created at a quicker rate. As the temperature increased you can see the reaction rate increasing at the beginning. This shows how increasing the temperature helps the reactants reach the required activation energy.
The experiment was unsuccessful at proving hypothesis 3 to be correct, however this can be attributed to an error in the process of the experiment. The results show that the increased surface area resulted in the reaction taking almost twice as long and producing slightly less gas. This was likely to be because of some of the turnings getting stuck to the side of the test tube, not making full contact with the Hydrochloric Acid.
To gather more accurate data, it would be beneficial to repeat the surface test multiple times for a wider data set. It was difficult to pour the turnings into the thin test tube without them sticking and stirring the HCl would have affected the results, and so a wide tube would have simplified the process. It would have been interesting to have produced temperature results with a larger temperature difference and finally having a more precise weight of Magnesium may have given more accurate results.

[bookmark: _Toc172022346]Conclusion
The purpose of this experiment was to determine the effects of concentration, temperature and surface area has on the rate of reaction between Magnesium and Hydrochloric acid. The results of the experiment have confirmed that the hypothesis that by increasing the temperature or concentration the rate of the reaction would increase. This is because the rate of reaction is based on the number of successful particle collisions taking place. For the collision to be successful it must have sufficient energy and the molecular orientation must be correct. Heating a reactant, increasing the surface area, or increasing concentration will all increase the likelihood of these things happening. The experiment was unable to prove that increasing the surface area would have the same effect, but this was likely due to errors in testing, and so further tests would be required to back up existing literature.
Rate of reaction experiments are used in manufacturing and assurance. They can be used to save costs and waste, and to ensure a product is stable and has sufficient shelf life. They are also used to identify substances and to build databases to improve understanding of their properties.
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[bookmark: _Toc172022349]Chemicals and Equipment

Chemicals / Reactants
· Magnesium ribbon cut into 4 cm length
· Magnesium turnings 
· Hydrochloric acid (2.0 M and 1.0 M)
· DI Water
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
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Procedure:
Concentration
Prepare three 20.0 ml solutions of HCl with the following concentrations: 2.0M, 1.5M, and 1.0M.  Use the pipette to measure appropriate volumes of the 2.0M HCl solution and DI water. 
Pour 1.0M concentration of HCl solution with the into the test tube with arm. 
Take temperature reading of solution.
Add 4cm strip of magnesium ribbon to the test tube. Quickly put bung back and start stopwatch
Record volume of hydrogen gas given off at 10 second intervals. Continue until no more gas is given off.
Discard waste and repeat for 1.5M and 2.0M concentrations.
Plot graph showing the change in volume of H2 gas over time for each concentration
Temperature
1. Set up water bath. Pour water into larger beaker and heat over Bunsen until the temperature of water increases by approximately 10C when compared to temperature at 1 M HCl measured in previous test.
2. Pipette 20mL of 1.0M stock solution into three test tubes.
3. Place first test tube with 1.0M HCl in the water bath and wait until the temperature of acid reaches the temperature of the water.
4. Quickly transfer warm HCl into the test tube with the arm, put 4cm piece of magnesium ribbon in to the test tube, plug with the bung and start the stopwatch.
5. Record results at 10 second intervals until no more gas is given off.
6. Discard solution into waste beaker.
7. Repeat same experiment for two more temperatures 10C apart.
8. Plot graph showing change in gas volume over time for each temperature.
Surface Area
1. Use pipette to transfer 20mL of 1M HCl at room temperature into the test tube with an arm.
1. Add Mg turnings into the test tube, quickly replace bung and start the stopwatch.
1. Continue timing until no more gas is given off.
1. After the reaction is completed, discard waste mixture into waste beaker.
1. Plot graph showing change in gas volume over time.

For each experiment determine
I. Average rate of reaction between t = 0s and t = t1; use the same t1 for all concentrations.
II. Instantaneous rate of reaction at t = 0.
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