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[bookmark: _Toc167367842]Introduction

[bookmark: _Toc167367843]Purpose of Experiment:
The purpose of this experiment is to measure how quickly reactants are transformed into products in chemical reactions. It allows to understand how different variables can influence reaction rates which is essential in the practice of controlling and analysing chemical reactions. 
[bookmark: _Toc167367844]Hypothesis:
This experiment hypothesizes that the rate of reaction will increase as the concentration of moles increases, this is based on the known theory that with an increased energy input and correct particle orientation particles will collide. With the increased value of moles, more particles will be present, creating a faster reaction rate time. It also hypothesizes that with an increase in temperature in the reactant, the rate of reaction will increase due to increased particle energy, creating more collisions. 

[bookmark: _Toc167367845]Variables of Experiment:
Independent Variables:
· The temperature of the solution
· The surface area of magnesium
· The concentration of moles
Dependent Variables:
· Value of Hydrogen gas produced.
Control Variables: 
· The total weight of aluminium used for experiments containing 1 mol of solution.
· Combined values of hydrochloric acid and deionized water equalling 20ml in every tube used.
· Same thermometer to ensure calibration values don’t differ.
· Same Long test tube with arm 
· Same delivery tube and rubber bung

[bookmark: _Toc167367846]Equations

· Rate (cm3 s-1) =  
Where ΔV= Change in volume of Hydrogen and Δt = change in time 

· The Balanced equation of the experiment: Mg + 2HCl2 ᵙ MgCl2 + H2 

· Molar Mass (MM) = 

[bookmark: _Toc167367847]Results

[bookmark: _Toc167367848]Moles of reactants:  
	                    Mg
	                 2 M HCl

	Mass
	moles
	Volume (ml)
	moles

	



0.077kg


	



0.00317
	20ml (2M)
	0.04Mol/HL

	
	
	15ml (1.5M)
	0.03 Mol/HL

	
	
	10ml (1M)
	0.02 Mol/HL

	
	
	5ml (0.5M)
	0.01 Mol/HL



The values show that in each case, the magnesium (0.00317 moles) will be fully used up first, making it the limiting factor. There is more hydrochloric acid (HCl) than needed for the reaction. This means all the magnesium will react completely, and therefore it is possible to calculate how much HCl will be left over.
[bookmark: _Toc167367849]Experiment 1: 
Effect of concentration of HCl on speed of H2 gas evolution. 
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Graph 1, Effect of concentration of HCl on speed of H2 gas evolution.
	HCl
	Time to dissolve Mg (s)
	Average rate =t0
	Instantaneous rate at t1=20 (3dp)

	0.5M
	(Did not dissolve)
	0.182 (time only recorded to 170s)
	0.010

	1M
	170
	0.424
	0.050

	1.5M
	120
	0.7
	0.065

	2M
	110
	0.836
	0.080


Average rate calculations:
0.5M = 31÷170 = 0.182
1M = 72÷170 = 0.424 
1.5M = 84÷120 = 0.7 
2M = 92÷110 = 0.836
Instantaneous rate calculations: 
0.5M = 
1M =  = 0.050
1.5M = 
2M = 






[bookmark: _Toc167367851]Experiment 2:
Effect of temperature on the speed of H2 gas evolution 
[image: A sheet of paper with numbers and numbers]
	Temperature (degrees Celsius)
	Time to dissolve Mg (s)
	Average rate = t0
	Instantaneous rate at t1=30 (3dp)

	T1 (23) 
	170
	0.424
	0.029

	T2 (33)
	95
	0.821
	0.024

	T3 (43)
	150
	0.500
	0.031

	T4 (53)
	120
	0.592
	0.039



Average rate calculations: 
T1 = 72 ÷ 170 = 0.424
T2 = 78÷95 = 0.821
T3 = 75÷ 150 = 0.500
T4 = 71÷120 = 0.592
Instantaneous rate calculations
T1 =  = 0.029
T2 = 
T3 = 
T4 = 



[image: Graph on a graph paper]
Graph 2, effect of temperature on speed of H2 gas evolution.

[bookmark: _Toc167367852]Experiment 3:
Effect of the surface area of Mg on speed of H2 gas evolution.
[image: A piece of paper with numbers]


	 Mg Turnings
	Rate

	Mass (mg)
	Moles
	Average =t0
	Instantaneous at t1=20s (3dp)

	0.0077
	0.00317
	0.419
	0.033





[image: A graph with a curve]

Average rate of reaction calculation:
Mg turnings = 67÷160 = 0.419
Instantaneous rate of reactions:
Mg turnings = 
Mg strips = 


[bookmark: _Toc167367853]Discussion
[bookmark: _Toc167367854]Significance of results:
In experiment one, it is evident that as the quantity of reactant moles increases, the reaction rate increases significantly. This is due to the higher quantity of HCl moles overwhelming the quantity of Mg moles and causing increased molecular collisions, increasing the rate of reaction. [1] There is also evidence for this as the reduced quantity of 0.5M of HCl reaction did not fully complete due to limited amounts of collisions provided for the magnesium strip which can be seen in Graph 1 as the 0.5M line has an extremely low gradient in comparison to the others.
Results from experiment 2 follow a similar pattern in which when an independent variable is increased, the rate of reaction increases too. In this experiment, the temperature of the water was increased by 10 degrees each time and created a decline in the time required for a full reaction in most results. This occurs due to the increased temperature causing an increased activity within the particles and allowing increased movement, meaning more collisions. However, the results do fluctuate after T2 with a sharp increase in time for T3 followed by a decrease for T4. Although, it is important to note that T2 was still a higher reaction rate than T4, as well as producing less H2. This could be due to limitations such as oxidisation layers on the magnesium strips or an incorrectly calibrated thermometer. 
The output of H2 using magnesium turnings was lower than using the strips but did take approximately 10 seconds quicker. This result is abnormal as an increased surface area typically creates further exposure to molecules to react with and therefore would theoretically have a higher rate of reaction. The most likely reason for this result would be human error, such as misreading volume, temperatures, or incorrect weightings of the magnesium cuts. 


[bookmark: _Toc167367855]OME Relevance:
Rate of reaction studies are essential in the OME industry. Safe storage is essential when dealing with such items and therefore understanding the activation energy of a product is vital. Activation energy works in hand with the rate of reaction and will determine how quickly the required activation energy is met. Minor stimulants such as temperature change, which can allow activation energy to be created can have a great effect. [2] 
Another way the rate of reaction assists the OME industry is by being used to calculate detonation pressure. Detonation pressure is the measure of a product shockwave which is when the product expands after a reaction creating a highly compressed volume of air, it is influenced by the density of the initial product and its rate of reaction. [3] Increasing the density and rate of reaction would increase the shockwave allowing for a greater impact. 
As well as these factors, the rate of reaction plays an important role in detonators. The rate of reaction determines how quickly the energy transfers from the detonator to the explosive charge thus creating the explosion. Understanding this allows operators to ensure a complete reaction occurs, if the event takes too long the explosive can begin to release chemical toxic fumes and cause harm to those around it [4]. 

[bookmark: _Toc167367856]Limitations and sources of error:
· Incorrectly calibrated equipment such as thermometers may give inaccurate results to compare, this is because a higher temperature may cause faster reactions and the user is unaware of the true temperature. 
· Contaminated products may affect the purity of reaction chemicals. 
· Varying size of materials, in this case Mg, can cause discrepancies in results and make comparing inaccurate. 
· The oxidisation layer around magnesium caused by reacting with hydrochloric acid can create a barrier to the reactant, causing the reaction to slow down. This can be prevented by cleaning the strips with sandpaper. [5]
· Human error such as readings of gas volume levels can introduce bias to the results. 



[bookmark: _Toc167367857]Conclusion
In conclusion, the experiment supports the previously stated hypothesis as by analysing the tables of results and graphs, generally, the rate of reaction increases by increasing the independent variables. The results did however provide some discrepancies throughout the experiment and were likely down to human error and poorly calibrated equipment. It also notable that the experiment was to be completed in a very short time frame which could’ve been a factor in these human errors. In future it would be appropriate to complete each experiment at least two times to gain an average of results and may disprove some of the anomalies seen in these results. It would also be appropriate to ensure all equipment is correctly calibrated and ensure all magnesium is re-weighed and thoroughly cleaned before use. 
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[bookmark: _Toc167367859]‌Appendices
[bookmark: _Toc167367860]List of equipment:
· Lab coat
· Safety goggles 
· Gloves
· Long test tube with arm
· Gas syringe 
· Rubber bung and delivery tube to fit the test tube.
· Two large beakers for the water and reaction mixture 
· Pipette and pipette filler
· Two clamp stands 
· Test tube holder 
· Thermometer 
· Ring stand – Bunsen burner – Clay triangle 
· Stopwatch 
[bookmark: _Toc167367861]Chemicals:
· Magnesium ribbon cut and weighed equally
· Magnesium turnings (same mass as ribbon) 
· Hydrochloric Acid (2Mol & 1Mol)
· Deionized water 
[bookmark: _Toc167367862]Procedure:
Experiment 1:
1.- Make four 20.0 mL HCl solutions: 
 - 2.0 M (stock solution)
 - 1.5 M
 - 1.0 M
  - 0.5 M
  - Use a pipette to mix the 2.0 M HCl with deionized water to get the desired concentrations.
2.  - Pour the 0.5 M HCl solution into a test tube with an arm.
3.  - Add a 4 cm strip of magnesium ribbon to the test tube.
   - Quickly put the bung back on and start the stopwatch.
4.  - Measure the volume of hydrogen gas produced every 10 seconds until the reaction stops.
5.  - Discard the reaction mixture into a waste beaker.
6.  - Measure and record the temperature of the 1.0 M HCl solution.
7.  - Repeat the experiment for the 1.0 M, 1.5 M, and 2.0 M HCl solutions.
Experiment 2:

1. - Heat water in a large beaker over a Bunsen burner until it’s 10°C warmer than the initial temperature of 1.0 M HCl.
2. - Pipette 20 mL of 1.0 M HCl into three test tubes.
3. - Place the first test tube in the water bath until the HCl reaches the water bath temperature.
4. - Transfer the warm HCl to a test tube with an arm, add a 4 cm piece of magnesium ribbon, secure the bung, and start the stopwatch.
5. - Measure the volume of gas produced until the reaction stops.
6. - Discard the reaction mixture into a waste beaker.
7. - Repeat the experiment for two more temperatures, each 10°C apart.
Experiment 3:
1.- Pipette 20 mL of 1 M HCl into the test tube with an arm.

2. - Quickly add magnesium turnings to the test tube, replace the bung, and start the stopwatch.
3. - Time the reaction until gas production ceases.
4. - Dispose of the reaction mixture in a waste beaker.
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