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[bookmark: _Toc170380057]Introduction
[bookmark: _Toc170380058]Purpose:
This experiment aims to find out how the rate of reaction between hydrochloric acid (HCl) and magnesium (Mg) is affected by three main factors: the concentration of HCl, the temperature of the reaction, and the surface area of the Mg. By measuring how much hydrogen gas is produced under different conditions, we want to understand how these factors influence the reaction rate. Knowing this can help us better explain the reaction and optimize conditions for desired reaction rates in both labs and industrial settings.

[bookmark: _Toc170380059]Hypothesis:
· Increasing concentration will increase the rate of reaction resulting in a higher volume of hydrogen gas in a shorter time.
· Raising the temperature will increase the rate of reaction leading to faster production of hydrogen gas.
· Increasing the surface area will increase the rate of reaction resulting in quicker release of hydrogen gas.

[bookmark: _Toc170380060]Variables:
[bookmark: _Toc170380061]Independent Variable: 
In this experiment, the independent variable is the concentration of HCL, the temperature of the reaction mixture or the surface area of the Mg. 
[bookmark: _Toc170380062]Dependent Variable:
The volume of hydrogen gas released over time.
[bookmark: _Toc170380063]Control Variable:
· The volume of HCL used 
· Mass of Mg strips/turnings
· Same thermometer
· Measurement method 
· Cleaning pipette after each use 

[bookmark: _Toc170380064]Equations:
Rate = )
Mg (s) + 2HCL(aq) → MgCl2(aq) + H2(g).
[bookmark: _Toc170380065]
Results 
[bookmark: _Toc170380079]Table 1 - Moles of Reactants
	Mg
	2M HCL

	Mass
	Moles
	Volume
	Moles

	

75
	

3.09x10-3
	20
	4x10-2

	
	
	15
	3x10-2

	
	
	10
	2x10-2

	
	
	5
	1x10-2



[bookmark: _Toc170380080]Table 2 - Effect of Concentration of HCl on speed of h2 gas evolution
	0.5M HCL
	
	1.0M HCL T1= 27°
	
	1.5M HCL
	
	2.0 M HCL
	

	75 Mg
	
	77Mg
	
	75 Mg
	
	75 Mg
	

	Time(s)
	V H2 mL
	
	Time (s)
	V H2 mL
	
	Time (s)
	V H2 mL
	
	Time (s)
	V H2 mL
	

	10
	0.90
	
	10
	12.7
	
	10
	25.9
	
	10
	28.7
	

	20
	2.60
	
	20
	23.6
	
	20
	43.7
	
	20
	40.6
	

	30
	3.50
	
	30
	32.9
	
	30
	54.0
	
	30
	49.0
	

	40
	5.20
	
	40
	38.5
	
	40
	60.8
	
	40
	53.5
	

	50
	6.40
	
	50
	46.2
	
	50
	64.2
	
	50
	58.8
	

	60
	8.20
	
	60
	52.9
	
	60
	66.1
	
	60
	63.9
	

	70
	9.50
	
	70
	57.0
	
	70
	69.9
	
	70
	68.0
	

	80
	11.0
	
	80
	61.3
	
	80
	72.5
	
	80
	70.0
	

	90
	12.1
	
	90
	65.0
	
	90
	73.5
	
	90
	70.5
	

	100
	13.5
	
	100
	66.1
	
	100
	74.3
	
	100
	70.5
	

	110
	14.8
	
	110
	68.5
	
	110
	75.0
	
	
	
	

	120
	15.9
	
	120
	70.0
	
	120
	75.0
	
	
	
	

	130
	17.5
	
	130
	70.5
	
	
	
	
	
	
	

	140
	18.7
	
	140
	71.1
	
	
	
	
	
	
	

	150
	20.0
	
	150
	71.9
	
	
	
	
	
	
	

	160
	21.2
	
	160
	71.9
	
	
	
	
	
	
	

	170
	22.5
	
	
	
	
	
	
	
	
	
	



	HCI
	Time to dissolve Mg
	Instantaneous rate a t=0
	Average rate at t=80

	0.5M
	N/A
	0.154
	0.133

	1.0M
	150
	1.351
	0.400

	1.5M
	110
	2.609
	0.176

	2.0M
	90
	3.529
	0.133
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[bookmark: _Toc172237759]Figure 1- Part 1 graph


[bookmark: _Toc170380081]Table 3 - Effect of temperature on speed of H2 gas evolution
	T1 = 27°
	
	T2 = 37°C
	
	T3 = 47°C

	77Mg
	
	75Mg
	
	75Mg

	Time(s)
	V H2 mL
	
	Time(s)
	V H2 mL
	
	Time(s)
	V H2 mL

	10
	QDWQFF
	
	10
	20.8
	
	10
	24.8

	20
	23.6
	
	20
	35.0
	
	20
	40.0

	30
	32.9
	
	30
	44.4
	
	30
	47.9

	40
	38.5
	
	40
	51.1
	
	40
	55.8

	50
	46.2
	
	50
	58.0
	
	50
	63.6

	60
	52.9
	
	60
	62.8
	
	60
	68.1

	70
	57.0
	
	70
	67.9
	
	70
	72.7

	80
	61.3
	
	80
	69.5
	
	80
	75.8

	90
	65.0
	
	90
	71.8
	
	90
	77.0

	100
	66.1
	
	100
	72.9
	
	100
	78.0

	110
	68.5
	
	110
	73.5
	
	110
	79.0

	120
	70.0
	
	120
	74.5
	
	120
	79.5

	130
	70.5
	
	130
	75.0
	
	130
	80.0

	140
	71.1
	
	140
	75.5
	
	140
	80.0

	150
	71.9
	
	150
	76.0
	
	
	

	160
	71.9
	
	160
	76.5
	
	
	

	
	
	
	170
	77.0
	
	
	

	
	
	
	180
	77.0
	
	
	



	HCI
	Time to dissolve Mg
	Instantaneous rate at t=0
	Average rate at t=80

	T1
	150
	1.500
	0.400

	T2
	170
	2.250
	0.200

	T3
	130
	2.769
	0.267
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[bookmark: _Toc172237760]Figure 2 - Step 2 graph


[bookmark: _Toc170380082]Table 4 - Effect of surface area of Mg on the speed of H2 gas evolution
	1.0M HCI T1 = 27°C
	
	1.0M HCI T1 = 27°C

	77Mg Strip
	
	75Mg Turnings

	Time(s)
	V H2 mL
	
	Time(s)
	V H2 mL

	10
	12.7
	
	10
	9.70

	20
	23.6
	
	20
	17.9

	30
	32.9
	
	30
	24.4

	40
	38.5
	
	40
	29.3

	50
	46.2
	
	50
	34.8

	60
	52.9
	
	60
	38.5

	70
	57.0
	
	70
	41.6

	80
	61.3
	
	80
	47.0

	90
	65.0
	
	90
	50.0

	100
	66.1
	
	100
	52.1

	110
	68.5
	
	110
	55.2

	120
	70.0
	
	120
	57.8

	130
	70.5
	
	130
	60.0

	140
	71.1
	
	140
	61.7

	150
	71.9
	
	150
	64.0

	160
	71.9
	
	160
	65.0

	
	
	
	170
	66.5

	
	
	
	180
	67.5

	
	
	
	190
	68.5

	
	
	
	200
	69.0

	
	
	
	210
	69.0



	Mg turnings
	Rate

	Mass (mg)
	Moles (mols)
	Average rate at t=80
	Instantaneous rate at T=0

	75
	3.09 x 10-3
	1.100
	0.367

	Mg strips
	Rate

	Mass (mg)
	Moles (mols)
	Average rate at t = 80
	Instantaneous rate at t = 0

	77
	3.17 x 10-3
	1.571
	0.400
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[bookmark: _Toc172237761]Figure 3 - Step 3 graph


[bookmark: _Toc170380066]Discussion

[bookmark: _Toc170380067]Interpreting results and their significance:
[bookmark: _Toc170380068]Effect of HCI concentration on the speed of H2 gas evolution:
As the concentration of hydrochloric acid increases so does the rate of hydrogen gas evolution this is shown by higher volumes of H2 gas at corresponding time intervals as the concentration of HCI increases from 0.5 M to 2.0 M. The data demonstrates a clear trend that both average and instantaneous reaction rates are higher at greater concentrations (see Table 2). These results are consistent with the principles of chemical kinetics where higher concentrations lead to increased reaction rates this is due to more frequent collisions between reactant molecules.
[bookmark: _Toc170380069]Effects of temperature on the speed of H2 gas evolution:
Increasing the temperature of the reaction mixture increased the rate of hydrogen gas evolution. As the temperature increased from 27°C to 47°C the volume of hydrogen gas increased for example at 27°C the volume of H2 gas at 60 seconds was 52.9 mL whereas at 47°C it was 68.1 mL. The instantaneous rate at t = 0 also increased with temperature from 1.500 mL/s at 27°C to 2.679 mL/s at 47°C. This happens because higher temperatures increase the kinetic energy of reactant molecules which leads to more frequent collisions facilitating the reaction. My results also support the Arrhenius equation which describes the increase in reaction rate with temperature
[bookmark: _Toc170380070]Effect of surface area of Mg on the speed of H2 gas evolution:
When surface area increases so should the rate of reaction this is because a larger surface area allows more Mg atoms to be in contact with the HCI, increasing the number of effective collisions and speeding up the reaction. However, my results did not follow this pattern which could be due to several factors I believe that human error could be the reasoning behind my inaccurate results through measurement of the concentration temperature etc. 
[bookmark: _Toc170380071]Overall:
My results explain how various factors influence the reaction rate between magnesium and hydrochloric acid. By confirming that the rate increases with higher concentration, temperature and surface area if not for human error factors which diminished accuracy and reliability. The findings align with fundamental chemical kinetics principles and can be used to predict and control reaction rates in practical applications. 

[bookmark: _Toc170380072]Limitations and potential sources of error:
Limitations:
· Precision of measurement in terms of concentration of HCI
· Temperature control – maintaining a consistent temperature throughout reaction can be difficult.
· Surface area consistency – ensuring the robbon and turnings have consistent surface area exposed to HCI is challenging
Sources of error: 
· Human error starting and stopping the stopwatch
· Human error measuring HCI, water.
· Calibration of instruments
· Impurity of reactants 
· Ambient temperature and pressure.


[bookmark: _Toc170380073]OME Relevance:
Reaction rate control – designing effective and safe explosive devices in OME industry, Can help predict how explosives will behave under different conditions which is crucial for safety. More can be found on reaction rate control in OME here [1].
Optimization of explosive formulas through studying the effects of different variables on rate of reaction [2]. For example, adjusting concentrations and mixing methods to create more stable or powerful explosives. 
From understanding how temperature affects reactions and the temperature sensitivity of energetic materials [3]. This can lead to safer handling and storage of explosives. 
Development of new explosives with tailored properties with focus on reaction kinetics this could lead to innovation in the OME industry. 

[bookmark: _Toc170380074]Conclusion:
To conclude my results did support my hypothesis stated previously they demonstrated that increasing both concentration and temperature increased the rate of hydrogen gas production. This happens due to higher concentration and temperature increasing the frequency and energy of collisions between reactant molecules therefore accelerating the rate of reaction.
However, there were anomalies in my surface area experiment results whereby increasing surface area in some cases did not increase the rate of reaction this contradicted expectations. I believe these discrepancies were due to experimental errors to mitigate these in the future I would try to minimize human error for example using more precise timing and measuring techniques such as automated data logging for gas volume measurements. Conduct multiple trials for each experiment to get a mean average and therefore more reliable results. Before undertaking the surface area experiment use a finer scale to measure and weigh Mg turnings and strips or reweigh to ensure measurements are accurate. Putting these mitigations into practice would improve the accuracy and reliability of this experiment leading to far more accurate results.

[bookmark: _Toc170380075]Appendix:
[bookmark: _Toc170380076]Materials:
· 4 cm strips of magnesium ribbon
· Magnesium turnings same mass as ribbon
· Hydrochloric acid (2.0 M and 1.0 M)
· DI water
· Long test tube with arm
· Gas syringe
· Rubber Bung and delivery tube to fit test tube 
· Two large beakers
· Pipette and pipette filler
· Two clamp stands 
· Test tube holder 
· Thermometer
· Ring stand, Bunsen burner, Clay triangle 
· Stopwatch
· Graph paper 
[bookmark: _Toc170380077]Method:
Effect of HCI Concentration on the speed of H2 gas evolution:

1. Prepare four 20.0 mL solutions of HCL with concentrations of 2.0 M, 1.5 M, 1.0 M and 0.5 M using the pipette to dilute the 2.0 M solution with deionised water.
2. Pour the lowest concentration HCI solution into the test tube with arm.
3. Place the test tube on a clamp stand 
4. Add a 4cm strip of magnesium ribbon to the test tube
5. Quickly replace the rubber bung and start the stopwatch
6. Record volume of hydrogen gas evolved every 10 seconds until no more gas is produced 
7. Measure the temperature of the 1.0 M HCI solution 
8. Dispose of the reaction mixture in the waste beaker after experiment 
9. Repeat for the other three concentrations of HCI

Effect of temperature on the speed of H2 gas evolution:

1. Fill a large beaker with water and heat it using a Bunsen burner to raise the temperature by approx 10°C compared to the initial temperature of the 1.0 M HCI solution used in the first part.
2. Pipette 20 mL of 1.0 M HCL solution into three test tubes.
3. Place the first test tube containing 1.0 M HCI in the water bath until the acid reaches the bath temperature.
4. Quickly transfer the warmed 1.0 M HCI solution into the test tube with arm.
5. Add a 4cm piece of magnesium ribbon, replace the rubber bung and start the stopwatch 
6. Record the volume of hydrogen gas evolved (every 10 seconds until the reaction stops)
7. Dispose of the reaction mixture properly after each trial
8. Repeat the experiment for two more temperatures 10°C 

Effect of the surface area of Mg on speed of H2 gas evolution:

1. Pipette 20 mL of 1.0 M HCI solution at room temperature into the test tube with arm
2. Quickly add the magnesium turnings into the test tube, replace the rubber bung and start the stopwatch.
3. Record the volume of hydrogen gas every 10 seconds 
4. Dispose of the reaction mixture.
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