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[bookmark: _Toc167315695][bookmark: _Toc51833419]Introduction
The rate of reaction is a measure of how quickly reactants are converted into products in a chemical reaction. It is a crucial concept in chemistry, as it helps to understand the dynamics of reactions and predict how changes in conditions can affect the outcome. The rate of reaction can be expressed mathematically as the change in concentration of a reactant or product per unit time. For instance, in the context of gas production, the rate can be expressed as:
	
	Equation 1


This equation represents the rate of hydrogen gas production, where ​​ is the change in volume of hydrogen gas over a time interval .
The purpose of this experiment is to ascertain the effect of concentration, temperature, and surface area on the rate of reaction between hydrochloric acid (HCl) and magnesium (Mg). By systematically varying these factors, we aim to understand how each one influences the reaction rate, providing insights into the underlying kinetics.
The chemistry of this reaction is as follows.
Mg + 2HCl → MgCl2 ​+ H2​
This equation indicates that one mole of magnesium reacts with two moles of hydrochloric acid to produce one mole of magnesium chloride (MgCl₂) and one mole of hydrogen gas (H₂).


[bookmark: _Toc167315696]Hypothesis
In this experiment involving hydrochloric acid and magnesium, it is hypothesised that:
1. Increasing the concentration of hydrochloric acid will increase the rate of reaction.
2. Increasing the temperature of the hydrochloric acid solution will increase the rate of reaction.
3. Increasing the surface area of the magnesium will increase the rate of reaction.
[bookmark: _Toc167315697]Variables
Independent Variables:
· Concentration of hydrochloric acid
· Temperature of the reaction mixture
· Surface area of magnesium
Dependent Variable:
· Rate of reaction, measured as the volume of hydrogen gas produced per unit time (cm³/s)
Control Variables:
· Volume of hydrochloric acid used
· Mass of magnesium


[bookmark: _Toc167315698]Experimental Procedure
The experiment is divided into three parts:
Effect of Concentration:
This part investigates how varying the concentration of hydrochloric acid affects the rate of reaction. The volume of hydrogen gas produced is recorded over time for different concentrations of HCl.
Effect of Temperature:
This part examines the influence of temperature on the reaction rate. The reaction mixture is heated to different temperatures, and the volume of hydrogen gas produced is measured.
Effect of Surface Area:
This part explores how changing the surface area of magnesium impacts the rate of reaction. Magnesium is used in different forms (e.g., ribbon, powder), and the volume of hydrogen gas produced is recorded.
The rate of reaction can be analysed by plotting the volume of gas produced against time. The gradient of the plotted line represents the rate of reaction:
· The initial rate is determined by the gradient at t=0.
· The average rate is calculated between t=0 and t=1.
· The instantaneous rate at any given time t can be found by determining the gradient of the curve at that specific time.
[bookmark: _Toc167315699]Influence of Variables
· Concentration: Higher concentrations of reactants typically lead to increased reaction rates due to a higher frequency of molecular collisions.
· Temperature: Raising the temperature generally increases reaction rates as it provides reactant molecules with more kinetic energy, leading to more effective collisions.
· Surface Area: Increasing the surface area of a solid reactant exposes more particles to the reaction, enhancing the rate of reaction.
[bookmark: _Toc167315700]Results
	 
	Volume of H2 Produced (ml)

	Time (s)
	1.0M HCl
	1.5M HCl
	2.0M HCl

	0
	0
	0
	0

	10
	16
	28
	44

	20
	24
	45
	60

	30
	33
	56
	65

	40
	41
	62
	71

	50
	48
	67
	75

	60
	55
	71
	78

	70
	61
	75
	80

	80
	65
	79
	81

	90
	70
	81
	81

	100
	72
	85
	81

	110
	73
	86
	81

	120
	73
	87
	81

	130
	75
	89
	81

	140
	75
	91
	81

	150
	76
	91
	81

	160
	77
	91
	81

	Sample Mass (g)
	0.088
	0.0941
	0.0838















Table 1 - The Volume of H2 produced with different concentrations of HCl.

Graph 1 – The Effect of Concentration on Rate of Reaction.












	 
	Volume of H2 Produced (ml)

	Time (s)
	28 °C
	35 °C
	45 °C
	55 °C

	0
	0
	0
	0
	0

	10
	16
	16
	25
	20

	20
	24
	30
	40
	31

	30
	33
	40
	50
	38

	40
	41
	48
	56
	45

	50
	48
	55
	64
	48

	60
	55
	62
	69
	52

	70
	61
	66
	73
	55

	80
	65
	69
	75
	55

	90
	70
	70
	76
	56

	100
	72
	71
	77
	57

	110
	73
	72
	77
	57

	120
	73
	73
	78.5
	57

	130
	75
	73
	78.5
	57

	140
	75
	74
	80
	57

	150
	76
	74.5
	80
	57

	160
	77
	75
	80
	57

	Sample Mass (g)
	0.088
	0.077
	0.0879
	0.0794














Table 2 - The Volume of H2 produced with different temperatures of HCl.



Graph 2 – The Effect of Temperature on Rate of Reaction.













	 
	Volume of H2 Produced (ml)

	Time (s)
	Strips
	Turnings

	0
	0
	0

	10
	16
	12

	20
	24
	23

	30
	33
	28

	40
	41
	32

	50
	48
	38

	60
	55
	44

	70
	61
	49

	80
	65
	53

	90
	70
	56

	100
	72
	58

	110
	73
	60

	120
	73
	62

	130
	75
	64

	140
	75
	65

	150
	76
	66

	160
	77
	67

	Sample Mass (g)
	0.088
	0.088




 










Table 3 - The Volume of H2 produced with different surface areas of Magnesium.













Graph 3 – The Effect of Surface Area on Rate of Reaction.
The accuracy of the mass measurements of the Magnesium samples is ±0.005g.
	HCl
	Time to Dissolve Mg (s)
	Instantaneous Rate at t = 0 (cm³/s)
	Average Rate (cm³/s)

	0.5M
	 N/A
	 N/A
	 N/A

	1.0M
	 160
	 1.538461
	 0.8125

	1.5M
	140
	 2.61  
	 0.9875

	2.0M
	 80
	 4.2
	 1.0125


	Temperature (°C)
	Time to Dissolve Mg (s)
	Instantaneous Rate at t = 0 (cm³/s)
	Average Rate (cm³/s)

	T1  (28)
	 160
	1.5769
	 0.8125

	T2 (35)
	 160
	1.583  
	 0.8625

	T3 (45)
	 140
	2.38
	 0.9375

	T4 (55)
	 100
	1.875
	 0.6875  







Table 4 – Results of Part I





Table 5 – Results of Part II
	Mg Turnings

	Mass (g)
	Moles of HCl
	Instantaneous Rate at t = 0 (cm³/s)
	Average Rate (cm³/s)

	 0.088
	 1.0
	 1.1875
	0.6625




Table 6 – Results of the Turnings from Part III
	Mg Strip

	Mass (g)
	Moles of HCl
	Instantaneous Rate at t = 0 (cm³/s)
	Average Rate (cm³/s)

	 0.088
	 1.0
	 1.6154  
	0.8125






Table 7 – Results of the Strip from Part III

To calculate the average rate of reaction of we use equation 1.

 will be 80 seconds as the longest period that covers the entire period of every reaction, this will be consistent across all calculations. We find  from the result at  = 80.
For Part 1:



For Part 2:

 
 
 
For Part 3:


Now that the average rate has been found, the instantaneous rate at t=0 must be found. This can be done with differentiation and graphically. In this case the graphical method has been used. Finding the gradient of the drawn line will provide the instantaneous rate at t=0.
[image: A graph with a red line

Description automatically generated]From graph 1 to find instantaneous rate at t=0 for 1.0M HCl: 
Gradient of the line:  

[image: A graph with a line and a dotted line

Description automatically generated]To find instantaneous rate at t=0 for 1.5M HCl: 
Gradient of the line:  

[image: A graph with a line and red dots

Description automatically generated]To find instantaneous rate at t=0 for 2.0M HCl: 
Gradient of the line: 
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Description automatically generated]From graph 2 to find instantaneous rate at t=0 for 28°C:
Gradient of the line: 
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Gradient of the line: 
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Gradient of the line: 
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Description automatically generated]To find instantaneous rate at t=0 for 55°C:
Gradient of the line: 
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Description automatically generated]From graph 3 to find instantaneous rate at t=0 for Mg Strip:
Gradient of the line: 
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Gradient of the line: 
[bookmark: _Toc167315701]Discussion
The results of the kinetics experiment studying the rate of reaction between magnesium and hydrochloric acid (HCl) showed low accuracy overall, often misaligning with the hypothesis and established scientific consensus. Several factors likely contributed to these discrepancies.
In Part 1 of the experiment, the results generally aligned with the hypothesis: as the concentration of HCl increased, so did the rate of reaction. These results were the most consistent of the three parts, although an anomaly was observed with the 1.5M HCl, which produced the most hydrogen gas (H2) after t=80, contrary to scientific expectations.
Part 2 of the experiment also mostly supported the hypothesis, except for the reaction at 55°C. This reaction released significantly less H2, and the rate of reaction was similar to that at other temperatures, but noticeably lower than at 45°C. This anomaly was attributed to the magnesium sticking to the sides of the test tubes, preventing immediate immersion in the acid. To remedy this in future experiments, different glassware such as a conical flask with a wider base should be used, or ensuring the test tubes are completely dry before adding the acid and magnesium should be considered. Throughout this part, multiple data points showed a drop in the rate of reaction before increasing again, indicating that magnesium pieces eventually fell into the acid later in the reaction due to this sticking issue.
In Part 3, the results did not align with the hypothesis at all. The primary cause was again the sticking of the magnesium turnings to the interior of the test tube. This caused observable dips in the reaction rate when magnesium that was not initially in the acid eventually fell in, restarting the reaction.
Time constraints prevented the collection of all intended results. Notably, a 0.5M HCl sample was not tested for its effect on the rate of reaction. Additionally, the sample size was inadequate to draw robust conclusions, necessitating repeated tests for greater certainty.
The piston used with the gas syringe was also problematic. Despite being checked multiple times to ensure it was dry and uncontaminated, it was not the correct fit for the syringe, resulting in significant friction and sticking during testing. This contributed to the poor results obtained.
Furthermore, even if adequate time and properly functioning equipment had been available, the limited resolution of the thermometer and gas syringe markings restricted the accuracy achievable in this experiment.
Additionally, data was only recorded at 10-second intervals, and the process relied on individuals to time the data collection, read the syringe, and record the measurements. This introduced human error, further affecting the accuracy and reliability of the results.
Understanding the kinetics and rate of reaction is crucial in the field of ordnance, munitions, and explosives (OME). Kinetic data helps predict the rate of decomposition or reaction of explosive materials under various thermal conditions, assessing their thermal safety and stability [1]. This is vital for determining safe storage, handling, transportation, and preventing accidental initiation or cook-off scenarios.
The sensitivity of explosives to stimuli like impact, friction, or electrostatic discharge is linked to their reaction kinetics [2]. Faster reaction rates make explosives more sensitive and prone to accidental initiation [1]. Kinetics guides safe handling procedures, compatibility assessments, and initiation system design.
Detonation velocity, brisance, and energy release rate are directly related to the reaction kinetics of explosives [3]. Kinetic data enables optimising explosive formulations for specific performance requirements like armour penetration or demolition.
Over time, chemical and physical changes alter the kinetic behaviour of explosives, affecting sensitivity, stability, and performance [4]. Studying aging kinetics predicts munition service life for maintenance, disposal, or replacement schedules.
Understanding the kinetics of explosive decomposition and transformation in the environment is key to assessing persistence, mobility, and remediation strategies for explosive residues. By leveraging kinetic data, researchers, manufacturers, and end-users can mitigate risks, optimize performance, and ensure safe OME handling, storage, and disposal across the entire lifecycle [2].


[bookmark: _Toc167315702]Conclusion
This experiment aimed to determine how concentration, temperature, and surface area affect the reaction rate between hydrochloric acid (HCl) and magnesium (Mg). While the data partially supported the hypotheses, several anomalies and limitations were observed.
For concentration, the expected increase in reaction rate with higher HCl concentrations was generally observed, although an anomaly with the 1.5M HCl sample suggested experimental inconsistencies. The temperature study supported the hypothesis that higher temperatures increase reaction rates, but an unexpected lower rate at 55°C, due to magnesium sticking to the test tube sides, indicated a need for improved setup. The surface area investigation did not show the anticipated correlation, primarily due to magnesium sticking, causing intermittent reaction rates.
The experiment faced limitations, including time constraints, inadequate sample sizes, and equipment issues, leading to data inconsistencies. Automated data collection methods and improved experimental setups are recommended for future studies.

Understanding reaction kinetics is crucial, particularly in ordnance, munitions, and explosives (OME), for predicting material behaviour under various conditions and ensuring safe handling and storage. While the findings were partially validating, further research with refined methods is necessary for more accurate results.
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[bookmark: _Toc167315705]Materials and Methods

1. [bookmark: _Toc167315706]Materials
[bookmark: _Toc167315707]Lab tools and supplies

· Long test tube with Arm
· Gas Syringe
· Rubber Bung 
· Delivery Tube
· 2x Large Beakers
· Pipette
· Pipette Filler
· 2x Clamp Stands
· Test Tube Holder
· Thermometer 
· Ring Stand
· Bunsen Burner
· Heat Mat
· Stopwatch
· Graphing Paper
Ensure the Syringe should remain dry inside. Moisture can cause it to stick.
[bookmark: _Toc167315708]Chemicals

· Magnesium ribbon cut into 4 cm lengths and weighed 
· Magnesium turnings measured to be the same mass as the ribbon sections
· Hydrochloric acid (2.0 M and 1.0 M)
· Deionised Water



[bookmark: _Toc167315709]Method
[bookmark: _Toc167315710]Preparation of HCl Solutions
Prepare Four Solutions:
Stock Solution: 2.0 M HCl
Target Concentrations: 2.0 M, 1.5 M, 1.0 M, and 0.5 M
Volumes: Each 20.0 mL
Procedure:
· For 2.0 M HCl: Measure 20.0 mL of the stock solution directly.
· For 1.5 M HCl: Mix 15.0 mL of 2.0 M HCl with 5.0 mL of deionised water.
· For 1.0 M HCl: Mix 10.0 mL of 2.0 M HCl with 10.0 mL of deionised water.
· For 0.5 M HCl: Mix 5.0 mL of 2.0 M HCl with 15.0 mL of deionised water.

[bookmark: _Toc167315711]The Effect of HCl concentration on the Reaction Rate

· Pour the HCl solution with the lowest concentration (0.5 M) into the test tube with an arm.
Measure Temperature:
· Measure the temperature of the 1.0 M HCl solution.
Conduct the Reaction:
· Add a 4 cm strip of magnesium ribbon to the test tube.
· Quickly place the bung back and start the stopwatch.
· Record the volume of hydrogen gas produced at suitable intervals (e.g., every 10 seconds).
· Continue timing until no more gas is evolved.
· Discard the reaction mixture in the waste beaker.
Repeat for Other Concentrations:
· Repeat the experiment for 1.0 M, 1.5 M, and 2.0 M HCl solutions.
· Plot a graph of the volume of H2 gas (VH2) versus time (t) for each concentration.
Determine Rates of Reaction:
· Calculate the average rate of reaction between t = 0s and t = t1 (use the same t1 for all concentrations).
· Determine the instantaneous rate of reaction at t = 0.
· Effect of Temperature on Reaction Rate
Setup Water Bath:
· Pour water into a large beaker and heat it over a Bunsen burner until the water temperature is approximately 10°C higher than the initial temperature of the 1.0 M HCl.
Prepare Solutions:
· Pipette 20 mL of 1.0 M HCl stock solution into three test tubes.

[bookmark: _Toc167315712]Effect of temperature on the speed of H2 gas evolution

· Place the first test tube in the water bath until the HCl reaches the water bath temperature.
· Transfer the warmed HCl into the test tube with an arm, add a 4 cm piece of magnesium ribbon, replace the bung, and start the stopwatch.
· Continue timing until no more gas is evolved.
· Discard the reaction mixture in the waste beaker.
· Repeat the experiment for two additional temperatures, each approximately 10°C apart.
· 
Plot and Analyse:
· Plot a graph of the volume of H2 gas (VH2) versus time (t) for each temperature.
· Calculate the average rate of reaction between t = 0s and t = t1 for each temperature.
· Determine the instantaneous rate of reaction at t = 0.

[bookmark: _Toc167315713]Effect of Magnesium Surface Area on Reaction Rate

Conduct Reaction with Mg Turnings:
· Transfer 20 mL of 1.0 M HCl at room temperature into the test tube with an arm.
· Quickly add magnesium turnings to the test tube, replace the bung, and start the stopwatch.
· Continue timing until no more gas is evolved.
· Discard the reaction mixture in the waste beaker.
Plot and Analyse:
· Plot a graph of the volume of H2 gas (VH2) versus time (t).
· Calculate the average rate of reaction between t = 0s and t = t1.
· Determine the instantaneous rate of reaction at t = 0.
Note: Ensure all waste is disposed of properly and safety procedures are followed throughout the experiments.

Effect of Concentration on Rate of Reaction
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Effect of Temperature on Rate of Reaction
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Effect of Surface Area on Rate of Reaction

Turnings	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	0	12	23	28	32	38	44	49	53	56	58	60	62	64	65	66	67	Strips	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	0	16	24	33	41	48	55	61	65	70	72	73	73	75	75	76	77	Time (s)


Volume H2 (ml)




image1.png




image2.png
Effect of Concentration on Rate of Reaction

90

Volume H2 (ml)

60 80 100 120 140 160 180
Time (s)

X 1.OMHCL




image3.png
Effect of Concentration on Rate of Reaction
100

20
80
70
60

Volume H2 (ml) 50

30
20

10

60 80 100 120 140 160 180
Time (s)

X 1L.5MHCL




image4.png
Effect of Concentration on Rate of Reaction

E
S
g
5
g
EH
g

80 100 120 140 160 180
Time (s)

60

40

X 2.0MHCL




image5.png
Volume H2 (ml)

90

Effect of Temperature on Rate of Reaction

X 28°C

60 80 100 120 140

Time (s)

160

180




image6.png
80

70

60

50

Volume H2 (ml) 40

30

20

10

Effect of Temperature on Rate of Reaction

x-35°C

60 80 100 120 140

Time (s)

160

180




image7.png
Effect of Temperature on Rate of Reaction

X 45°C

XX

£
e
g
H
£
g

180

160

140

120

100

80

60

Time (s)




image8.png
180

x x
120 140

x
100

X 55°C

Effect of Temperature on Rate of Reaction

3 2
3 g

Volume H2 (ml) 30

Time (s)




image9.png
Volume H2 (ml)

90

Effect of Surface Area on Rate of Reaction

x x X X
XXX
x
x
x
x
60 80 100 120 140 160
Time (s)

X Strips

180




image10.png
80

70

60

50

Volume H2 (ml) 40

30

20

10

Effect of Surface Area on Rate of Reaction

»

20 40 60 80 100 120
Time (s)

- Turnings

140

160

180




