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1.0 – Aim of the experiment 
The three main aims to this experiment are to determine the surface area concentration and temperature regarding rate of reaction. Three separate experiments took place each with slight variation to test how either temperature, surface area or concentration affects the rate of reaction when magnesium strips are dropped in hydrochloric acid. 

1.1 – Hypothesis 
The hypothesis for the first experiment is that the higher concentration HCl solution will have a faster rate of reaction due to the magnesium having far more collisions on a molecular scale which in turn will give off more hydrogen gas and equate for a faster reaction. [1]
As for the second experiment there are three samples of the same concentration HCl in test tubes all heated within 10 degrees Celsius of one another. The hypothesis is that the higher temperature test tubes will have a faster rate of reaction as the higher temperature will provide more energy to said reaction and lower the activation energy. [2]
The third and final experiment measures the rate of the hydrogen gas evolution depending on the surface area of the magnesium. It would be evident to hypothesise that the reaction rate will increase if larger surface areas are used as there are more areas for the reaction to take place. It should also be noted that on a reaction graph there will be a steeper slope initially. [3]

1.2 – Variables
All experiments have independent, dependant and control variables. For the first experiment the control variables were the temperature that the solutions were heated to and the mass of magnesium used in the reaction. The independent variable was the concentration of acid and the dependant variable was the volume of hydrogen gas. 
The second experiments control variable is the volume and concentration of the hydrochloric acid with the independent variable being the temperature the acid was heated to and the dependant variable again being the amount of hydrogen gas being given off. 
The third and final experiment will have the same dependant and control variable as experiment two however the independent variable is the surface area of the magnesium being tested. 



2.0 – Theory 
2.1 – Basic concepts 
Some basic concepts and background to this experiment include reaction rate, activation energy, collision theory and measuring the rate of reaction. The main concept is reaction rate and in this instance the rate of which hydrogen gas is produced over a period of time when the magnesium reacts with the hydrochloric acid [4]. This is a fundamental concept as the whole experiment looks into how this is affected when variables are manipulated. 
Activation energy is described as the minimum energy required for a chemical reaction to take place and can be affected by temperature which experiment two should highlight. [2]
Collision theory is a phenomenon that describes molecules colliding into one another to create a reaction, this theory will impact experiment three the most as the surface area of magnesium plays into the idea of collision theory. [1]
Measuring the rate of reaction is one of the most important parts of this report as the graphs drawn will display how each experiment was affected in terms of reaction when different variables were changed. 

2.2 – Chemical equations and formulas
Chemical Equation for Magnesium – Mg
Chemical Equation for Hydrochloric Acid – HCl
Balanced chemical equation for the reaction between Magnesium and Hydrochloric Acid 
Mg + 2HCl  MgCl2
Rate of reaction equation 
Rate = ΔVH2/Δt 
 
2.3 – Application to OME   
In terms of applications to the OME sector rates of reaction are applied in multiple areas. The most common is where the use of rapid gas expansion is needed quickly in technologies such as ejector seats in fighter jets or other pyrotechnics. In regards to ejector seats specifically it is noted that a chemical cartridge under the pilot’s seat creates a reaction that rapidly creates a gas which in turn fires the pilot out of the aircraft [5]. Other OME products such as explosives need to be designed with rates of reaction in mind to understand how powerful said explosive can be and how precise features such as speed of blast waves will be. [6] 

3.0 – Observations/Data/Calculations
Experiment 1:
	1.0 M HCL

	T 1 = 22.7°C

	Time, s
	V H2, mL

	10
	5

	20
	13

	30
	23

	40
	32

	50
	40

	60
	45

	70
	50

	80
	55

	90
	59

	100
	62.5

	110
	65

	120
	67.5

	130
	68

	140
	68

	150
	68

	160
	68

	170
	68



	1.5 M HCL

	

	Time, s
	V H2, mL

	10
	21

	20
	34

	30
	42

	40
	48

	50
	53

	60
	57

	70
	60

	80
	62

	90
	64

	100
	65.5

	110
	67

	120
	69

	130
	70

	140
	71

	150
	71

	160
	71

	170
	71





	2.0 M HCL

	

	Time, s
	V H2, mL

	10
	20

	20
	37

	30
	44

	40
	49

	50
	53

	60
	57

	70
	60

	80
	63

	90
	64

	100
	64

	110
	64

	120
	64

	130
	64

	140
	64

	150
	64

	160
	64

	170
	64



Rate of Reaction Graphs Experiment 1
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1.0 M HCL -





Time to dissolve – 135s, 
Average rate of reaction = 0.394 mL/s
Instantaneous rate at 50 seconds = 0.5 mL/s
Initial instantaneous rate = 0.816 mL/s
[image: ]1.5 M HCL - 







Time to dissolve = 145s
Average rate of reaction = 0.56 mL/s
Instantaneous rate at 50 seconds = 0.285 mL/s
Initial instantaneous rate = 1.11 mL/s



[image: ]2.0 M HCL - 







Time to dissolve = 105s 
Average rate of reaction = 0.839 mL/s
Instantaneous rate at 50 seconds = 0.4 mL/s
Initial instantaneous rate = 3.57 mL/s


Experiment 2:
	

	T 2 = 40°C

	Time, s
	V H2, mL

	10
	4

	20
	11

	30
	17

	40
	23

	50
	28

	60
	31

	70
	34

	80
	37

	90
	40

	100
	42

	110
	45

	120
	47

	130
	49.5

	140
	51

	150
	53

	160
	55

	170
	56

	180
	57

	190
	59

	200
	60

	210
	61.5



	

	T 3 = 50°C

	Time, s
	V H2, mL

	10
	7

	20
	15

	30
	22

	40
	27

	50
	32

	60
	36

	70
	39

	80
	43

	90
	46

	100
	48

	110
	50

	120
	52.5

	130
	54

	140
	56

	150
	58

	160
	60

	170
	61

	180
	63

	190
	64

	200
	65

	210
	66.5

	220
	67.5

	230
	68

	240
	68

	250
	68

	260
	70.5



	

	T 4 = 60°C

	Time, s
	V H2, mL

	10
	6

	20
	13

	30
	19

	40
	25

	50
	29

	60
	34

	70
	37.5

	80
	41

	90
	44

	100
	47

	110
	49

	120
	52

	130
	54

	140
	55.5

	150
	57.5

	160
	59

	170
	60



Rate of Reaction Graphs Experiment 2
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T 2 = 40°C - 





Time to dissolve = 6 mins 14 s 
Average rate of reaction = 0.391 mL/s
Instantaneous rate at 50 seconds = 2.3 mL/s
Initial instantaneous rate = 1.67 mL/s
T 3 = 50°C - 
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Time to dissolve = 4 mins 25 s
Average rate of reaction = 0.454 mL/s
Instantaneous rate at 50 seconds = 2.3 mL/s
Initial instantaneous rate = 1.43 mL/s


T 4 = 60°C - 
[image: ]






Time to dissolve = 5 mins 48 s
Average rate of reaction = 0.433 mL/s
Instantaneous rate at 50 seconds = 2.5 mL/s
Initial instantaneous rate = 4 mL/s



Experiment 3:

	

	T 1 = 22°C

	Time, s
	V H2, mL

	10
	5

	20
	12

	30
	21

	40
	28

	50
	35

	60
	41

	70
	46

	80
	50

	90
	53

	100
	57.5

	110
	59

	120
	61

	130
	63

	140
	65

	150
	65

	160
	67

	170
	67.5

	180
	67.5




Rate of Reaction Graphs Experiment 3
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T 1 = 22°C – 
Mass – 0.0895g




Time to dissolve = 5 mins 8 s
Average rate of reaction = 0.625 mL/s
Instantaneous rate at 50 seconds = 2 mL/s
Initial instantaneous rate = 1.43 mL/s
Calculations:
Average Rate of Reaction (mL/s) = Δt/ΔC = t2 - t1​/C2 - C1 

To calculate the instantaneous rate at 50 seconds the same formula must be used as above however points around 50 seconds must be chosen

The same formula once again is used for initial instantaneous rate but points must be taken from the start of the graph off of a tangent

























4.0 – Results and sources of error 
In terms of overall results it is clear that the rates of reaction and other data such as average rates and instantaneous rates of reaction have been clearly and concisely calculated. It should be observed that in the first experiment the average rate of reaction was higher as the concentration of Hydrochloric acid increased along with the initial instantaneous reaction. This overall faster rate of reaction ties in with the hypothesis which stated the higher the concentration the faster the reaction. As a side note the instantaneous reaction at 50 seconds did slightly differ from what was expected which would have been due to an experimental error as all other data fit perfectly to the expected result. Some potential sources of error for this may include an error in the concentration or a timing inaccuracy as the area stated as incorrected was measured against a time factor. 
The data in the second experiment strays slightly from the hypothesis however there is certainly a trend that supports the expected outcome as the instantaneous rate of reaction at 50 seconds and initial instantaneous rate increased as the heat was increased, therefore proving that the higher heat lowered the activation energy which in turn gave a higher rate of reaction. It should be noted that the T – 3 = 50°C had an outlier figure in its instantaneous rate at 50 seconds, this could be down to errors in the experiment such as miscounting the gas cylinder as it can be hard to read or when cooling the solution down to the desired temperature it could have been left too long and therefore not been entirely accurate. 
The third experiment was the most accurate out of the three in comparison to the hypothesis, every element of data calculated proved that the change in surface area directly affected the rate of reaction. The change in instantaneous reaction stood out as one of the biggest changes in comparison to the experiment that used a strip, this without a doubt proves that by having a larger surface area of magnesium more collisions can occur which in turn creates a faster rate of reaction. It should be noted that this was only carried out once and therefore if repeated multiple time the result may vary. 

4.1 – Conclusion 
To conclude this experiment it is clear that the variables changed did in fact affect the results of the experiment in a manner that was predicted and hypothesised from the start. Much like every experiment there was anomaly results which show strong links to errors in the experiment but overall the higher concentrations, temperatures and surface area added to HCL gas being produced at a higher rate. 
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[bookmark: _GoBack]6.0 – Appendix 
6.1 – Chemicals and equipment
Chemicals –
Dl Water
Hydrochloric Acid (2.0 M and 1.0 M)
Magnesium Powder (Same overall mass as the ribbon)
Magnesium Ribbon (4cm)
Tools and other supplies – 
Long test tube with arm
Gas syringe 
Rubber bung and delivery tube to fit test tube 
2 Large beakers for the water bath and reaction mixture waste
Pipette and pipette filler
2 Clamp stands
6 Test tubes and test tube holder
Graduated cylinder 
Thermometer
Ring stand, Bunsen burner
Graph paper 

6.2 – Procedure 
Experiment 1 procedure:
1. Prepare three 20.0 mL solutions of HCL with these concentrations: 2.0 M, 1.5M and 1.0M using a pipette to measure the acid and DL water. 
2. Pour the HCL solution with the lowest concentration into the test tube attached the arm stand. 
3. Place the 4cm magnesium strip into the test tube and start a stop watch (ensure done in good time). 
4. Record the volume of Hydrogen gas given off at 10 second intervals and do not stop until no more gas is given off.
5. Once completed discard the remaining solution
6. Measure the temperature of 1.0 M HCL
7. Repeat 

Experiment 2 Procedure:
1. Set up a water bath and pour water into the larger beaker and heat it over a Bunsen burner until the temperature increases by approximately 10°C in comparison to the initial temperature of 1 M HCL in the previous experiment. 
2. In a graduated cylinder measure 20 mL of 1.0 M solution into three separate test tubes. 
3. Place the first test tube with 1.0 M HCL into the water bath and wait until the temperature of the solution reaches the same temperature of the water in the water bath being used.
4. Transfer the heated HCL into the test tube attached to the arm (in good time) and place the 4cm piece of magnesium ribbon into it, replace the bung and start the stopwatch.
5. Time until no more gas is given off.
6. Once complete discard the solution into a waste beaker.
7. Repeat twice more with 10°C temperature increase.

Experiment 3 Procedure:
1. Use a graduated cylinder transfer 20 mL of 1 M HCL at ambient room temperature into the test tube that is attached to the arm. 
2. Add the Mg powder (in good time), replace the bung and then start the stopwatch.
3. Continue timing until no more gas is given off.
4. Discard solution into a waste beaker. 	 
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