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[bookmark: _Toc193984519]The Aim of the Experiment

The aim of the experiment was to determine the effect of concentration, temperature and surface area on the rate of reaction which is simply a fundamental concept in chemistry which measures how quickly reactants are transformed into products in a chemical reaction. Typically, it is expressed as the change in concentration of reactants or products per unit of time. Lots of different factors have an influence on reaction rates, it is important to understand these factors in order to predict and control chemical reactions. For this experiment, the rate of reaction between hydrochloric acid and magnesium, in terms of volume of produced hydrogen gas will be studied by focusing on three different variables. These variables are:
· HCl concentration
· Temperature of Mg
· Surface area of Mg
These variables will be tested in three separate tests conducted in the chemistry laboratory. All tools and equipment, chemicals and the procedure will be described In detail.
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The effect of HCl concentration on the speed of hydrogen gas (H₂) evolution will be investigated. By varying the concentration of HCl while keeping other factors constant, it will become possible to observe how the rate at which hydrogen gas is produced will change. [1]
The reaction between magnesium and hydrochloric acid is represented by the chemical equation:
Mg(s) + 2HCl(aq) → MgCl2(aq) + H2(g)

Reaction Kinetics and Concentration Effects
Fundamental Principles – What is expected to happen?
Collision Theory [2]
· Higher HCl concentration increases the frequency of molecular collisions
· More hydrogen ions (H+) available for reaction
· Reduces activation energy barrier

Rate Law Considerations [3]
· Reaction rate is directly proportional to HCl concentration
· Increased concentration provides more reactive hydrogen ions
· More hydrogen ions facilitate faster electron transfer

Factors Influencing Reaction Rate – Which other factor changes would affect the reaction rate in this experiment other than the concentration of HCl?
· Surface Area of Magnesium
· Temperature 
· Presence of catalyst

Theoretical Reaction Mechanism – What is the process of how the chemical reaction occurs? [4]
· H+ ions approach magnesium surface 
· Electrons transfer from magnesium 
· Hydrogen ions combine to form hydrogen gas 
· Magnesium ions form magnesium chloride

Expected Graphical Relationship – How will the results look formatted into a graph?
· Non-linear curve showing: 
· Initial steep increase in reaction rate
· Potential plateau at higher concentrations
· Asymptotic approach to maximum rate

[bookmark: _Toc193984522]Part 2 – The Influence of Temperature on the rate of reaction

Part 2 will investigate the influence of temperature on the rate of reaction. Temperature affects reaction rates by altering the kinetic energy of molecules, which in turn influences the frequency and energy of collisions between reactant particles. By changing the temperature of the HCl, you will observe how it affects the speed of H₂ gas evolution. [1]



Thermodynamic Principles of Reaction Rate [5]
Arrhenius Equation – Temperature dramatically influences reaction rates through the Arrhenius Equation: [6]


k = Reaction rate constant
A = Pre-exponential factor
Ea = Activation energy
R = Universal gas constant
T = Absolute temperature

Key Temperature effects – What are the main effects that temperature has on the rate of reaction?
Increased Molecular Kinetic Energy [7]
· Higher temperatures cause molecules to move faster
· More frequent and energetic collisions
· Greater probability of successful reactions
Activation Energy Reduction [8]
· Molecules gain more energy to overcome activation energy barrier
· More molecular interactions succeed
· Reaction proceeds more rapidly

Expected Graphical Relationship – How will the results look formatted into a graph?
· Exponential increase in reaction rate 
· Sharp rise in hydrogen gas production 
· Potential plateau at optimal temperature 
· Possible reaction destabilization at extreme temperatures

Fundamental Principles / Reaction Mechanism at different temperatures – What is expected to happen?


Low Temperature (10°C)
· Minimal molecular movement 
· Rare successful collisions 
· Slow hydrogen gas production

Moderate Temperature (25°C)
· Balanced molecular interactions 
· Moderate reaction rate 
· Consistent hydrogen generation
High Temperatures (40-60°C)
· Increased molecular kinetic energy 
· Frequent successful collisions 
· Rapid hydrogen gas production
Extreme Temperatures (80°C+)
· Potential side reactions 
· Risk of decomposition 
· Decreased reaction efficiency
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Exploring the effect of the surface area of magnesium on the rate of reaction. The surface area of a solid reactant impacts the rate of reaction by affecting the frequency of collisions between reactant particles. By varying the surface area of Mg while keeping other factors constant, you will observe how these changes influence the rate of H₂ gas evolution.

Surface area is a critical reaction parameter that has a drastic effect on the rate of reaction.
Surface area impact mechanism – What effect does the change in surface area have on the rate of reaction?
Increased Contact Points [9]
· Larger surface area exposes more reactive sites 
· More direct interaction between magnesium and hydrochloric acid 
· Facilitates faster electron transfer
Collision Frequency Principle [10]
· More surface area increases collision probability 
· Higher number of potential reaction sites 
· Reduces diffusion limitations

Fundamental Principles / Reaction Mechanism for different forms of Magnesium – What is expected to happen when the surface area is changed?
	Magnesium Form
	Surface Area
	Reaction Rate
	Hydrogen Production

	Solid Ribbon
	Lowest
	Slowest
	Minimal

	Thin Strips
	Low to Medium
	Moderate
	Gradual

	Coarse Powder
	Medium
	Faster
	Increased

	Fine Powder
	Highest
	Fastest
	Rapid



(Table 1 – Comparative Surface Area Forms of Magnesium)
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For all three tests that were carried out, there were various different variables that were involved which were either independent, dependent or controlled.
[bookmark: _Toc193984525]Controlled Variables [11]
Part 1 & Part 2:
Magnesium Characteristics
· Mass of Magnesium
· Same Magnesium Form (Thin Strips/Powder)
· Consistent purity
· Identical surface area
Reaction Conditions
· Constant Temperature
· Identical Reaction Vessel
· Consistent Atmospheric Pressure
· Same volume of acid used
· Identical Gas collection method
Part 3: 
Magnesium Characteristics
· Consistent total mass of Magnesium
· Uniform Magnesium purity
· Identical chemical composition
· Consistent Magnesium source/batch
Reaction Conditions
· Fixed hydrochloric acid concentration (e.g., 1.0 M) 
· Constant volume of acid 
· Uniform reaction vessel 
· Consistent temperature (e.g., 25°C) 
· Identical atmospheric pressure 
· Standardized gas collection method
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Part 1:
Hydrochloric Acid Concentration
· Directly manipulated by the experimenter
· A range of concentrations to be tested: 0.5M, 1M, 1.5M, 2M
Part 2:
Temperature
· Directly manipulated by the experimenter
· Temperature range to be tested: 22.8°C, 32.8°C,42.8°C, 52.8°C
Part 3:
Magnesium Surface Area
· Directly manipulated by the experimenter
· Surface area variation methods
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Part 1:
Hydrogen Gas Production Rate
· Measured response to changes in HCl concentration
· Volume of hydrogen gas produced
· Time taken to produce a specific volume
· Rate of gas generation (mL/sec)
· Directly influenced by the concentration variations
Part 2:
Hydrogen Gas Production Rate
· Measured response to changes in HCl concentration
· Volume of hydrogen gas produced
· Time taken to produce a specific volume
· Rate of gas generation (mL/sec)
· Directly influenced by the temperature variations
Part 3: 
Hydrogen Gas Production Rate
· Measured response to changes in HCl concentration
· Volume of hydrogen gas produced
· Time taken to produce a specific volume
· Rate of gas generation (mL/sec)
· Directly influenced by the surface area variations
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The equipment and tools used were the same for all three tests, they were:
· 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
· 100 mL Erlenmeyer (conical) flask
· Pipette and pipette filler
· Two clamp stands
· 8 test tubes in a test tube holder
· Thermometer 
· Ring stand, Bunsen burner, clay triangle 
· Stopwatch
The chemicals used were:
· Magnesium ribbon cut into 4 cm length and weighed 
· Magnesium powder (same mass as ribbon)
· Hydrochloric acid (2.0 M and 1.0 M)
· DI water


[image: ](Figure 1 – Experiment Set-up)
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In the conical flask to prepare 60 mL of 1 M HCl by proper dilution of 2 M HCl stock solution. Use pipets to measure the correct volumes. Measure the temperature of diluted HCl solution. You will use this 1 M solution in each part of the experiment!
1. Measure 20.0 mL of 1 M HCl into the test tube.
2. Prepare THREE 20.0 mL solutions of HCl with the following concentrations: 2.0 M (stock), 1.5 M, and 0.5 M.  Use the pipette to measure appropriate volumes of the 2.0 M HCl solution and DI water. 
3. Pour the HCl solution with the lowest concentration into the test tube with arm. 
4. When ready, add a 4 cm strip of magnesium ribbon to the test tube, quickly put the bung back, and start the stopwatch.
5. Record the volume of hydrogen gas given off at suitable intervals (e.g. 10 seconds). Continue timing until no more gas is given off. All magnesium must be consumed and no more bubbles observed.
6. After the reaction is completed, discard the reaction mixture in the waste beaker.
7. Repeat the same experiment for three other concentrations of HCl.
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1. Set up a water bath. Pour water into the large beaker and heat it over the Bunsen burner till the temperature of water increases by approximately 10 degC when compared to the initial temperature of 1 M HCl measured in the previous part. 
2. Pipette 20.0 mL of 1.0 M stock solution into three test tubes. 
3. Place the first test tube with 1.0 M HCl in the water bath and wait until the temperature of the acid reaches the temperature of the water in the water bath. 
4. Quickly transfer the warm HCl into the tube with the arm, put 4 cm piece of magnesium ribbon, put the bung back, and start the stopwatch.
5. Continue timing until no more gas is given off. 
6. After the reaction is completed, discard the reaction mixture in the waste beaker.
7. Repeat the same experiment for two more temperatures (ideally 10  degC apart).
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1. Use the pipette to transfer 20 mL of 1 M HCl at room temperature into the test tube with arm. 
2. Quickly add the Mg powder into the test tube, put the bung back, and start the stopwatch.
3. Continue timing until no more gas is given off. 
4. After the reaction is completed, discard the reaction mixture in the waste beaker.
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This section will discuss what was visualised from the three experiments. The data will be recorded in tables and will also be displayed in graphical format showing  vs t for each part. Part 1 will show the change in volume of  gas over time for each concentration of HCl. Part 2 and 3 will show the change in volume of  gas over time for each temperature.
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(Table 2 – Results table showing change in volume of  gas over time for 0.5 Mol HCl)
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(Table 3 – Results table showing change in volume of  gas over time for 1 Mol HCl)
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(Table 4 - Results table showing change in volume of  gas over time for 1.5 Mol HCl)
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(Table 5 - Results table showing change in volume of  gas over time for 2 Mol HCl)
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(Figure 1 - Results graph showing change in volume of  gas over time for 0.5 Mol HCl)
[image: ]









(Figure 2 - Results graph showing change in volume of  gas over time for 1 Mol HCl)
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(Figure 3 - Results graph showing change in volume of  gas over time for 1.5 Mol HCl)
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(Figure 4 - Results graph showing change in volume of  gas over time for 2 Mol HCl)
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This section will show the calculations for Part 1 of the experiments. The calculations that will be calculated are the average rate of reaction between t=0s and t=t1. Also, the instantaneous rate of reaction at t-0. The same T1 value will be used for all four sets of results from all four sets of data, 0.5 Mol, 1 Mol, 1.5 Mol and 2 Mol.  In this case the t1 value will be 130s.

Average rate of reaction between t=0s and t=t1 which in this case t=0s and t=130s for 0.5 Mol - 





Average rate of reaction between t=0s and t=t1 which in this case is t=0s and t=130s for 1 Mol - 





Average rate of reaction between t=0s and t=t1 which in this case is t=0s and t=130s for 1.5 Mol – 





Average rate of reaction between t=0s and t=t1 which in this case is t=0s and t=130s for 2 Mol – 





The instantaneous rate of reaction at t=0s for 0.5 Mol – 





The instantaneous rate of reaction at t=0s for 1 Mol – 




The instantaneous rate of reaction at t=0s for 1.5 Mol –




The instantaneous rate of reaction at t=0s for 2 Mol –
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(Table 6 - Effect of concentration of HCl on speed of H2 gas evolution)
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(Table 7 - Results table showing change in volume of  gas over time at 32.8°C)
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(Table 8 - Results table showing change in volume of  gas over time at 42.8°C)
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(Table 9  - Results table showing change in volume of  gas over time at 52.8°C)
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[image: ](Figure 5 - Results graph showing change in volume of  gas over time at 32.8°C)

(Figure 6 - Results graph showing change in volume of  gas over time at 42.8°C)
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(Figure 7 - Results graph showing change in volume of  gas over time at 52.8°C)
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This section will show the calculations for Part 2 of the experiments. The calculations that will be calculated are the average rate of reaction between t=0s and t=t1. Also, the instantaneous rate of reaction at t-0. The same T1 value will be used for all three sets of results from all three sets of data,32.8°C, 42.8°C and 52.8°C.  In this case the t1 value will be 100s.

Average rate of reaction between t=0s and t=t1 which in this case t=0s and t=100s for 32.8°C - 





Average rate of reaction between t=0s and t=t1 which in this case is t=0s and t=100s for 42.8°C - 





Average rate of reaction between t=0s and t=t1 which in this case is t=0s and t=100s for 52.8°C – 





The instantaneous rate of reaction at t=0s for 32.8°C – 





The instantaneous rate of reaction at t=0s for 42.8°C    –




The instantaneous rate of reaction at t=0s for 52.8°C  –




[image: ]

(Table 10 - Effect of temperature on speed of H2 gas evolution)
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(Table 11  - Results table showing change in volume of  gas over time for Ribbon Mg )
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(Table 12  - Results table showing change in volume of  gas over time for Granual Mg )
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(Figure 8 - Results graph showing change in volume of  gas over time for Ribbon Mg)

(Figure 9 - Results graph showing change in volume of  gas over time for Granule Mg)
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This section will show the calculations for Part 3 of the experiments. The calculations that will be calculated are the average rate of reaction between t=0s and t=t1. Also, the instantaneous rate of reaction at t-0. The same T1 value will be used for both sets of results from both sets of data, ribbon and granules.  In this case the t1 value will be 100s.

Average rate of reaction between t=0s and t=t1 which in this case t=0s and t=100s for Ribbon Mg - 





Average rate of reaction between t=0s and t=t1 which in this case is t=0s and t=100s for Granule Mg- 





The instantaneous rate of reaction at t=0s for Ribbon Mg – 





The instantaneous rate of reaction at t=0s for Granule Mg    –
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(Table 13 - Effect of the surface area of Mg on speed of H2 gas evolution)
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Part 1 Comparison to Hypothesis 

According to the hypothesis for Part 1 it stated that the results will show a non-linear curve with an initial steep increase in reaction rate. It is visible from the results presented in a graphical format that this was the case for all four of the tests carried out for Part 1. 0.5 Mol, 1 Mol, 1.5 Mol and 2 Mol results all show a non-linear curve with an initial steep increase, they all also plateau as the time goes on and the amount of H2 gas produced stays at a steady rate until it dies out. 
According to Rate law considerations within the hypothesis. It stated that reaction rate is directly proportional to HCl concentration. As well as this, it states that increased concentration provides more reactive hydrogen atoms. For the most part this theory is correct and is proven from the results obtained. The more HCl that was added produced more H2 gas. For example, after 100 seconds testing for each sample the result of H2 gas produced increases the more Mols of HCl were added. After 100s with 0.5 Mols of HCl added the H2 gas released was 15ml, after 100s with 1 Mol of HCl added the gas released was 39ml, after 100s with 1.5 Mol’s of HCl added the H2 gas released was 78ml. However, after 100s with 2 Mol’s of HCl added the H2 gas released was only 64ml. 
As the testing environment was the same the anomaly within the result must be related to either activation energy barriers, molecular interaction complexities or reaction site saturation. The cause could also be down to heat and energy dissipation as higher concentrations sometimes produce, rapid but less efficient reactions, which could be the leading factor to why the result doesn’t follow the pattern of the rest of the obtained results.

Part 2 Comparison to Hypothesis

According to the hypothesis for Part 2 it stated that the results will show a non-linear curve with an initial steep increase in reaction rate. It is visible from the results presented in a graphical format that this was the case for all three of the tests carried out for Part 2. All stated was that there will be a sharp rise in hydrogen gas produced, this is also visible from the results obtained as the rise from 0ml of H2 rises quickly for each test. All results obtained follow the expected hypothesis.

Part 3 Comparison to Hypothesis

According to the hypothesis for Part 3 it stated that the results from testing the ribbon Magnesium will have a slower average and initial reaction rate compared to the powdered Magnesium sample. Tis is visible from the calculations that were carried out. The average reaction rate for the ribbon Magnesium was calculated to be 0.44ml/s-1 whereas the average reaction rate for the powdered Magnesium was 0.59ml/s-1. The initial reaction reaction rate for the ribbon Magnesium was calculated as 0.6ml/s-1 whereas the initial reaction rate of the powdered Magnesium was 1.05ml/s-1. This shows that the experiment was successful as the results match that of the hypothesis of this experiment of what is expected to happen.
[bookmark: _Toc193984542]
Conclusions

After completing all three parts of the experiment the results obtained all show that each part was successful as the results match the hypothesis of what was expected to occur. The results obtained were accurate compared to other tests conducted under the same parameters.
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