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Introduction:

The purpose of a rate of reaction experiment is to investigate how the rate of a chemical reaction can be altered through an array of factors. These include temperature, surface area, catalysts and concentration of reactants. The rate of reaction of an experiment is described as the change in concentration of either products or reactants per unit of time. This is important to make note of for understanding kinetic theory, reaction mechanisms and reaction conditions, as well as describing how to maintain a safe chemical reaction. The rate of reaction is closely observed in industries such as chemical manufacturing, pharmaceuticals, petrochemicals, food and beverage and is monitored in almost every sector that use a chemical reaction. This is vital, as maintaining a suitable reaction rate is the difference between causing a dangerous chain reaction and producing maximum yield output.

The hypotheses being tested are:
· The rate of reaction will be the greatest to start, then gradually slow down.
· As temperature, concentration and surface area increase, so will the rate of reaction.
· Time to dissolve with decrease with a greater rate of reaction.

Independent variable – Either the concentration of HCl, temperature of reaction or surface area of magnesium.

Dependent variable – Volume of  released over an interval.

Control variables – The concentration of HCl, temperature of reaction and surface area of magnesium when they are not being purposely altered, volume of HCl used, filling the beakers with deionised water, the weight of the magnesium strip or turnings, making sure the pipette is clean from contaminants after use, using the same thermometer, using the same gas syringe and delivery tube.

Equations:   

Rate () = 






Materials and methods

Equipment:
· Long-armed test tube 
· Rubber bung with a delivery tube.
· Gas syringe.
· 2x 500ml beaker.
· Pipette and pipette filler.
· Test tube holder.
· 2x clamp stands.
· Boss and clamp.
· Thermometer.
· Bunsen burner, tripod, clay triangle, heatproof mat.
· Stopwatch.
· Magnesium strips (4cm) and turnings.
· Hydrochloric acid (2.0M and 1.0M).
· Deionised water.
· Graph paper.


Method:

Step 1: Effect of HCl concentration on the speed of gas evolution
· Prepare four 20ml solutions of HCl at concentrations of 2.0M, 1.5M, 1.0M and 0.5M by mixing 2M HCl with deionised water using a pipette.
· Set up the gas syringe apparatus using the clamps, then pour the lowest concentrated solution into the armed test tube. Quickly add the magnesium strip, closing with a bung. Once the magnesium enters the solution, start the timer.
· Record the gas syringe volume every 10 seconds until the reaction finishes using a stopwatch.
· After the reaction is complete, discard the contents into a waste beaker.
· Repeat for the other concentrations, recording only the temperature of the 1.0M solution prior.

Step 2: Effect of temperature on the speed of  gas evolution
· Pour water into a beaker and set up a Bunsen burner apparatus. Place the beaker on the tripod above the Bunsen burner and start heating until the water temperature is 10 higher than measured previously in the 1M solution.
· Pipette 20ml of the 1M solution into three test tubes.
· Place one test tube in the water bath and allow time for it to equilibrate. 
· Once it has equilibrated, quickly add the test tube contents and a magnesium strip into the gas syringe test tube set up. Add the bung and start the stopwatch.
· Record the volume of  gas released every 10 seconds until the reaction is complete.
· Pour any contents into the waste beaker.
· Repeat two more times, adding 10 higher each time.

Step 3: Effect of the surface area of Mg on the speed of  gas evolution
· Using the pipette, transfer 20ml of 1M HCl into the long-armed test tube 
· Add the magnesium turnings and quickly place the bung on, starting the stopwatch.
· Record the volume of  gas released every 10 seconds until the reaction is complete.
· Pour any contents into the waste beaker.

Results:	

Table 1 - Moles of reactants
	Mg
	2M HCl

	Mass (mg)
	Moles (mols)
	Volume (ml)
	Moles (mols)

	75
	
	20
	

	
	
	15
	

	
	
	10
	

	
	
	5
	



This shows magnesium is the limiting reactant in this reaction for all volumes of HCl. As even with 5ml of 2M HCl, there is  mols of HCl present. Due to the stoichiometry of the reaction  mols of magnesium must be present to complete the reaction. , therefore Mg is the limiting reactant.

Step 1: Effect of HCl concentration on the speed of gas evolution

Table 2 – Time vs volume for step 1
		0.5M HCl

	75mg

	Time(s)
	V (ml)

	10
	0.90

	20
	2.60

	30
	3.50

	40
	5.20

	50
	6.40

	60
	8.20

	70
	9.50

	80
	11.0

	90
	12.1

	100
	13.5

	110
	14.8

	120
	15.9

	130
	17.5

	140
	18.7

	150
	20.0

	160
	21.2

	170
	22.5



		1.0M HCl  T1 = 27

	77mg

	Time(s)
	V (ml)

	10
	12.7

	20
	23.6

	30
	32.9

	40
	38.5

	50
	46.2

	60
	52.9

	70
	57.0

	80
	61.3

	90
	65.0

	100
	66.1

	110
	68.5

	120
	70.0

	130
	70.5

	140
	71.1

	150
	71.9

	160
	71.9



		1.5M HCl

	75mg

	Time(s)
	V (ml)

	10
	25.9

	20
	43.7

	30
	54.0

	40
	60.8

	50
	64.2

	60
	66.1

	70
	69.9

	80
	72.5

	90
	73.5

	100
	74.3

	110
	75.0

	120
	75.0



		2.0M HCl

	75mg

	Time(s)
	V (ml)

	10
	28.7

	20
	40.6

	30
	49.0

	40
	53.5

	50
	58.8

	60
	63.9

	70
	68.0

	80
	70.0

	90
	70.5

	100
	70.5
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Figure 1 - Step 1 curves
Table 3 – Rate of reaction for step 1
	HCl
	Time to dissolve Mg
	Instantaneous rate at 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



Step 2: Effect of temperature on the speed of  gas evolution

Table 4 – Time vs volume for step 2
		T1 = 27

	77mg

	Time(s)
	V (ml)

	10
	12.7

	20
	23.6

	30
	32.9

	40
	38.5

	50
	46.2

	60
	52.9

	70
	57.0

	80
	61.3

	90
	65.0

	100
	66.1

	110
	68.5

	120
	70.0

	130
	70.5

	140
	71.1

	150
	71.9

	160
	71.9



		T2 = 37

	75mg

	Time(s)
	V (ml)

	10
	20.8

	20
	35.0

	30
	44.4

	40
	51.1

	50
	58.0

	60
	62.8

	70
	67.9

	80
	69.5

	90
	71.8

	100
	72.9

	110
	73.5

	120
	74.5

	130
	75.0

	140
	75.5

	150
	76.0

	160
	76.5

	170
	77.0

	180
	77.0



		T3 = 47

	75mg

	Time(s)
	V (ml)

	10
	24.8

	20
	40.0

	30
	47.9

	40
	55.8

	50
	63.6

	60
	68.1

	70
	72.7

	80
	75.8

	90
	77.0

	100
	78.0

	110
	79.0

	120
	79.5

	130
	80.0

	140
	80.0
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Figure 2- Step 2 curves
Table 5 – Rate of reaction for step 2
	HCl
	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



Step 3: Effect of the surface area of Mg on the speed of  gas evolution

Table 6 – Time vs volume for step 3
		1.0M HCl  T1 = 27

	77mg strip

	Time(s)
	V (ml)

	10
	12.7

	20
	23.6

	30
	32.9

	40
	38.5

	50
	46.2

	60
	52.9

	70
	57.0

	80
	61.3

	90
	65.0

	100
	66.1

	110
	68.5

	120
	70.0

	130
	70.5

	140
	71.1

	150
	71.9

	160
	71.9



		1.0M HCl  T1 = 27

	75mg turnings

	Time(s)
	V (ml)

	10
	9.70

	20
	17.9

	30
	24.4

	40
	29.3

	50
	34.8

	60
	38.5

	70
	41.6

	80
	47.0

	90
	50.0

	100
	52.1

	110
	55.2

	120
	57.8

	130
	60.0

	140
	61.7

	150
	64.0

	160
	65.0

	170
	66.5

	180
	67.5

	190
	68.5

	200
	69.0

	210
	69.0
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Figure 3 - Step 3 curves
Table 7 – Rate of reaction for step 3
	Mg turnings
	Rate

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

	75
	
	1.100
	0.367

	Mg strips
	Rate

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

	77
	
	1.571
	0.400


Discussion:

The experimental results showed a change in rate of reaction occurred when concentration, temperature and surface area were altered. It is also important to note on all graphs that the final volume of  was not constant. This is likely due to inaccuracies in the weights of the magnesium pieces, as well as incomplete reactions. The average rate at t = 80 was inconsistent as the faster reactions typically slowed down their rate of reaction by this point in time.
As seen, when concentration increased, so did the instantaneous rate of reaction. This is expected as more moles of HCl being present in solution means more frequent successful collisions between reactants, resulting in  being produced at a faster rate. The 0.5M solution was not provided enough time to finish reacting and because of this, resulted in the lowest gradient line, that if left to continue reacting, likely would have slowly built up to just over 70ml of  produced. Also, it should form a curve similar in shape to the other HCl concentration curves. Furthermore, the time to dissolve decreased with concentration as expected.
When the temperature was increased, the instantaneous rate also increased. This is expected as reactant molecules are much more likely to have the activation energy required to result in a successful collision. In addition, molecules move faster, resulting in more frequent successful collisions, meaning overall rate of reaction should increase. Furthermore, the time to dissolve followed an irregular pattern with T1 (the lowest temperature) being shorter than T2. This is likely due to T1 also producing the lowest volume of, meaning the reaction is likely to take a shorter amount of time. This difference in volume could be due to inaccuracies in the mass of the metal samples.
When surface area increased, surprisingly, the results depicted a higher surface area resulted in a slower rate of reaction. In reality a higher surface area should cause a greater rate of reaction as there is a greater chance of particles colliding given that they are more exposed. The results showed using a metal strip had both a faster rate of reaction instantaneously and at t = 80. However, the strip also had a higher volume of  produced, which could be the reason for the unexpected result. Furthermore, human error in measurement of temperature, volume or concentration could also be at play.

Sources of error:
· Human measuring (parallax) error.
· Human error in starting the stopwatch and recording volumes.
· Contamination of test tubes.
· Incomplete reactions.
· Impurities in the metal samples.
· Poorly calibrated equipment.
· Incorrect weights of metal samples.
· Leaks in the gas syringe apparatus.

Limitations:
· Many control variables, so there is a high chance of inaccurate results. 
· Does not correct a complete picture of the reaction as volume only measured every 10 seconds.
· It can only be used for reactions that release a gas.
· Cannot be used on ‘aggressive’ reactions.
· You need to be aware of how much gas is likely to be produced before starting as to not overload the gas syringe.

The OME relevance of this experiment includes:
· Explosives development.
· Propulsion systems.
· Material degradation as explained in [1, p167]. Such as ‘dissolution rate’ during ‘waste disposal practices’.
· Chemical warfare agents as explained in [2, p4]. Such as building a ‘relationship between hydrolysis rate constants and temperature obtained according to the Arrhenius formula’. 

Other areas this experiment can be applied to (excluding OME) as stated in [3]:
· Keeping food fresh using a refrigerator.
· Burning of coal with the concepts of increased temperature and decreased surface area.
· Breakdown crude oil using a catalyst.
· The Haber process to produce ammonia.
· Contact process/ Ostwald process to produce sulphuric acid/ nitric acid.

Conclusion:

My findings do support my hypotheses stated earlier. This is because the rate of reaction was the greatest to begin with and slowed down throughout the reaction. When the independent variables were increased, typically so did the rate of reaction. The time taken to dissolve the magnesium sample decreased with an increase in the rate of reaction. My results were mostly accurate, however there are some inconsistencies present. These include T1 dissolving quicker than T2 and the magnesium turnings having a slower rate of reaction than the magnesium strip. To produce closer to accurate results, I would digitally record the gas syringe using a camera. Alternatively, I would look into the opportunity of using a gas pressure sensor along with a data logger as described in [4], to produce a more accurate continuous digital read out. Furthermore, I would reweigh the metal samples before adding them to the test tubes to decrease the potential for systematic error. 	Finally, I would repeat the experiment two more times to produce a mean average result for hydrogen production, creating graphs using this data.
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