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[bookmark: _Toc167359232]Introduction
[bookmark: _Toc522271446]Aim of the Experiment
To determine the rate of reaction of Magnesium (Mg) in Hydrochloric acid (HCl) and how the rate of reaction is affected by changing the concentration of HCl, the temperature and surface area of Mg. 
Reaction Rate
In chemistry the rate of reaction is the speed that the reactants are converted into its products during a chemical reaction. It can be measured by monitoring and recording the change in concentration of the reactants or products over time. Such as:
Change in mass;
Change in volume;
Change in concentration;
Change in pressure.
During this experiment the reaction between HCl and Mg will be observed. The products produced between HCl + Mg are Magnesium Chloride (MgCl) and Hydrogen (H2). The product being observed to determine the rate of reaction is the release of H2:
0. The balanced chemical equation is Mg(s)+2HCl(aq)→MgCl2(aq)+H2(g). 
The experiment will be split into 3 parts, focusing on three key variables:
0. Concentration of HCl;
Temperature;
Surface area of Mg exposed to HCl.
The volume of H2 produced will be measure against time with the measurements  plotted on a graph (VH2 (cm3) on the y axis against time (seconds) on the x axis). Using the plotted data line, the average rate of reaction can be determined by measuring the gradient from t0 to t1 (t1 for the entirety of this experiment is t0 + 50 seconds). As the reaction rate is expected to slow down as the reactants are consumed, the instantaneous rate will be taken from t0.  
For all parts of the experiment the rate of reaction will be determined by the following equation:
0. Equation 1:     [cm3s-1]
Chemical Kinetics
Chemical reaction kinetics studies the rate of chemical reactions which analyses how different factors affect the rate of reaction, such as concentration, temperature, surface area, catalysts and pressure to name a few [1]. Key concepts in kinetics are:
Rate Law and Reaction Order: The rate law shows the relationship between the reaction rate and the concentration of the reactant over time. Where the reaction order is the sum of the powers of the concentration in terms of the rate law. Shown as:
0. A + B       C         rate = k1 x [A]a x [B]b   
0. Where:
4. k = rate constant and a, b, c = order of reaction (0, 1, 2)
4. 0 order: rate is independent of the concentration of reactants. 
4. 1st order: rate is directly proportional to the concentration of one reactant. 
4. 2nd order: rate is proportional to the square of the concentration of one reactant or the product of the concentrations of two reactants. 
Temperature: The Arrhenius equation provides the rate constants for chemical reactions at different temperatures. As the temperature rises, the rate constant is increased exponentially, thus increasing the rate of reaction. The Arrhenius equation is shown as:
0. k  =  Ae-Ea/RT
0. Where:
6. k is the rate constant.
6. T is the temperature.
6. A is Arrhenius constant (frequency of molecules collisions)
6. Ea is the activation energy.
6. R is the universal gas constant.
[bookmark: _Toc167359233]Materials and Method
The material for this experiment and the method is detailed at Annex A. 
[bookmark: _Toc167359234]Results
The tabulated results and plot graphs are shown at Annex B. 
	Mg
	2M HCl

	mass
	Moles (2d.p.)
	volume
	moles

	0.079g
	3.25E-3 mol
	10ml
	0.02 mol

	0.096g
	3.95E-3 mol
	15ml
	0.03 mol

	0.074g
	3.05E-3 mol
	20ml
	0.04 mol

	0.085g
	3.50E-3 mol
	10ml
	0.02 mol 

	0.085g
	3.50E-3 mol
	10ml
	0.02 mol

	0.076g
	3.13E-3 mol
	10ml
	0.02 mol


[bookmark: _Toc167359238]Table 1 – Moles of Reactants
Part 1 – Concentration: 
	HCl
	Time to Dissolve Mg
	Average Rate
	Instantaneous Rate at

	
	
	
		t = 0	

	1.0M
	220 seconds
	0.94 mol cm3s-1
	1.2 mol cm3s-1

	1.5M
	160 seconds
	1.52 mol cm3s-1
	2.85 mol cm3s-1

	2.0M
	70 seconds
	1.42 mol cm3s-1
	2.65 mol cm3s-1
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Part 2 – Temperature:
	Temperature
	Time to Dissolve Mg
	Average Rate
	Instantaneous Rate at:

	
	
	
	t = 0

	25oC 
	220 Seconds
	0.94 mol cm3s-1
	1.2 mol cm3s-1

	41.5oC
	230 Seconds
	1.02 mol cm3s-1
	1.5 mol cm3s-1

	60oC
	210 Seconds
	1.24 mol cm3s-1
	2 mol cm3s-1
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Part 3 – Surface Area:
	Mg Turnings
	Average Rate
	Instantaneous Rate at:

	mass
	moles
	
	t = 0

	0.076g
	3.13E-3 mol
	0.72 mol cm3s-1
	0.8333 mol cm3s-1


[bookmark: _Toc167359241]Table 4 – Surface Area Reaction Rate Results
From the findings above, higher molarity and temperature both increase the rate of reaction due to the availability of molecules to react and higher levels of energy being provided to the reactant molecules, thus increasing the frequency of collisions as detailed in literature [2]. I would have also expected to see a higher rate of reaction with the turnings, due to the increase in surface area, therefore allowing more opportunity for the HCl and Mg molecules to react. 
Rate Law and Arrhenius can demonstrate the relationship between the rate of reactions dependant on concentration and temperature, but there seems to be some error in the experiment implementation or recording of data to accurately demonstrate this, but the order of reaction seems to be to the 1st order, as in directly proportional to the concentration HCl. This may have been to incorrect measurements of HCl, poor time keeping and incorrect set up of the equipment. This particular experiment required more time to ensure it was undertaken methodically and with precision, which would be a consideration for future experiments. 
[bookmark: _Toc167359235]Applications
Knowing the rate of reactions for certain elements or substances plays a big part in the Defence and the performance and safety of Ordnance, Munitions and Explosives. In terms of high-performance rocket motor propellants, understanding the rate in which the propellant will react (burn) once the exothermic reaction is initiated, is critical to designing the geometry of the rocket motor and the required structural strength of the pressure vessel to ensure not only do you obtain the desired performance optimisation but that it will react (burn) as expected to ensure you do not exceed the pressure limits of the vessel and eventually bursting or exploding [3]. 
[bookmark: _Toc167359236]Conclusion
The aim of the experiment was to determine the rate of reaction between HCL and Mg when key variables were adjusted. The data recorded and shown in Annex B- does indicate that an increase in HCl concentration and higher temperatures increases the production of H2 indicating an increase in the rate of reaction. This being due to an increase of molecules present in higher concentrations of HCl that are able to collide with the Mg, or if you raise the temperature, you provide more kinetic energy to the molecules which in turn increases the probability of collisions. 
Though there are some clear readings supporting the literature, there is also some significant error being demonstrated during the experiment. This could be to numerous factors that could be mitigated in future experiments by using more accurate equipment, digital flowmeters, more time to prepare and execute.
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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
· Pipette filler
· Two clamp stands
· Test tube holder
· Thermometer 
· Ring stand
· Bunsen burner with clay triangle 
· Stopwatch
· Magnesium ribbon cut into 4 cm length
· Magnesium  turnings 
· Hydrochloric acid (2.0 M and 1.0 M)
· Water

Method

Part 1 - Concentration
1. Prepare 4 x 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. 
1. Pour the 1.0M concentration of HCl solution with the into the test tube with arm. 
1. Measure the temperature of 1.0 M HCl.
3.	Place a 4 cm strip of magnesium ribbon in to the test tube, plug with the bung and start the stopwatch.
[bookmark: _Hlk167305728]4.	Record the volume of H2 gas given off at 10 second intervals until no more gas is given off. 
5.	After the reaction is completed, discard the reaction mixture in the waste beaker.
6.	Repeat the same experiment for two other concentrations of HCl.
Part 2 – Temperature
1. Set up a water bath. Pour water into the large beaker and heat it over the Bunsen burner until the temperature of water increases by approximately 10oC when compared to the initial temperature of 1M HCl measured in the previous part. 
1. Pipette 20 ml of 1.0M stock solution into two test tubes. 
1. Place the first test tube with 1.0M HCl in the water bath and wait until the temperature of the HCl reaches the temperature of the water in the water bath. 
1. Once at temperature, transfer the HCl into the tube with the arm and place a 4 cm strip of magnesium ribbon in to the test tube, plug with the bung and start the stopwatch.
1. Record the volume of H2 gas given off at 10 second intervals 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 the second HCL test tube at a higher temperature.
Part 3 – Surface Area
1. Use the pipette to transfer 20ml of 1M HCl at room temperature into the test tube with arm.
1. Place the Mg turnings in to the test tube, plug with the bung and start the stopwatch.
1. Record the volume of H2 gas given off at 10 second intervals until no more gas is given off.
1. After the reaction is completed, discard the reaction mixture in the waste beaker.
Displaying the Results
1. Plot a graph showing the change in volume of H2 gas over time for all experiments carried out above. 
1. For each experiment determine the:
Average rate of reaction (between t = 0s and t = t1; use the same t1 for all variables. 
Instantaneous rate of reaction at t = 0.
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	Test 1
	
	Test 2
	
	Test 3
	
	Test 4
	
	Test 5
	
	Test 6

	HCl
	1.0M
	
	HCl
	1.5M
	
	HCl
	2.0M
	
	HCl
	1.0M
	
	HCl
	1.0M
	
	HCl
	1.0M

	T
	25oC
	
	T
	N/A
	
	T
	N/A
	
	T
	41.5oC
	
	T
	60oC
	
	T
	28oC

	Mg
	0.079g
	
	Mg
	0.096g
	
	Mg
	0.074g
	
	Mg
	0.085g
	
	Mg
	0.085g
	
	Mg
	0.076

	t(s)
	V H2, cm3
	
	t(s)
	V H2, cm3
	
	t(s)
	V H2, cm3
	
	t(s)
	V H2, cm3
	
	t(s)
	V H2, cm3
	
	t(s)
	V H2, cm3

	0
	0
	
	0
	0
	
	0
	0
	
	0
	0
	
	0
	0
	
	0
	0

	10
	15
	
	10
	37
	
	10
	34
	
	10
	20
	
	10
	27
	
	10
	11

	20
	24
	
	20
	57
	
	20
	53
	
	20
	30
	
	20
	40
	
	20
	19

	30
	32
	
	30
	66
	
	30
	60
	
	30
	39
	
	30
	49
	
	30
	25

	40
	39
	
	40
	72
	
	40
	66
	
	40
	46
	
	40
	50
	
	40
	31

	50
	47
	
	50
	76
	
	50
	71
	
	50
	51
	
	50
	62
	
	50
	36

	60
	50
	
	60
	81
	
	60
	75
	
	60
	56
	
	60
	65
	
	60
	40

	70
	55
	
	70
	84
	
	70
	76
	
	70
	60
	
	70
	68
	
	70
	44

	80
	59
	
	80
	86
	
	80
	76
	
	80
	63
	
	80
	70
	
	80
	47

	90
	62
	
	90
	89
	
	 
	 
	
	90
	65
	
	90
	72
	
	90
	51

	100
	64
	
	100
	91
	
	 
	 
	
	100
	67
	
	100
	74
	
	100
	55

	110
	65
	
	110
	93
	
	 
	 
	
	110
	69
	
	110
	75
	
	110
	57

	120
	68
	
	120
	94
	
	 
	 
	
	120
	70
	
	120
	76
	
	120
	60

	130
	69
	
	130
	95
	
	 
	 
	
	130
	71
	
	130
	77
	
	130
	62

	140
	71
	
	140
	95
	
	 
	 
	
	140
	72
	
	140
	78
	
	140
	64

	150
	72
	
	150
	95
	
	 
	 
	
	150
	73
	
	150
	79
	
	150
	66

	160
	73
	
	 
	 
	
	 
	 
	
	160
	74
	
	160
	79
	
	160
	67

	170
	74
	
	 
	 
	
	 
	 
	
	170
	75
	
	170
	80
	
	170
	69

	180
	75
	
	 
	 
	
	 
	 
	
	180
	76
	
	180
	81
	
	180
	70

	190
	76
	
	 
	 
	
	 
	 
	
	190
	77
	
	190
	83
	
	190
	71

	200
	77
	
	 
	 
	
	 
	 
	
	200
	78
	
	200
	84
	
	200
	72

	210
	78
	
	 
	 
	
	 
	 
	
	210
	78.5
	
	210
	84
	
	210
	73

	220
	79
	
	 
	 
	
	 
	 
	
	220
	79
	
	 
	 
	
	 
	 

	230
	79
	
	 
	 
	
	 
	 
	
	230
	80
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